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Oilseed crucifers particularly rapeseed (Brassica 
campestris L.) and mustard (B.,iuncea (L.) Czern and Coss) 
are grovm on a large scale in India occupying nearly 
3,892,7 thousand hectares of land. The state of Uttar 
Pradesh ranks first in acreage and in production of oilseed 
crucifers in the country. Currently, there is great 
emphasis in India on increasing the production of oilseeds 
including oleiferous crucifers since the current production 
is much below the requirements of the country. At present, 
the productivity of oilseed crucifers in India is very low 
and there is a great need to enhance it to meet the ever 
increasing demand in the country. This can be accomplished 
by using improved agro-techniques, growing high yielding 
cultivars and adopting adequate control measures against 
pests and diseases. 
Rapeseed and mustard are attacked by a number of 
pathogens causing enormous loss to growers. White rust of 
crucifers caused by Albugo Candida, downy mildew caused by 
Peronospora parasitic-j and Alternaria blight caused by 
species of Alternaria viz., Alternaria brassicae (Berk.) 
Sacc, A.brassicicola Wilt, and A.raphani Groves and Skolko 
are recognised economically important fungal diseases. Out 
of these Alternaria blight caused by A.brassicae is 
considered as most destructive as the pathogen attacks 
plants in different stages of their growth and development. 
Seedlings are infected resulting in their damping-off, 
Leaves, stems and pods are blighted by the pathogen result-
ing in great reduction in yield. 
Although the existence of the pathogen, A.brassicae 
on crucifers is known since 1928 in India, no systematic 
work on the various aspects of the pathogen; the disease 
and its control has been done in the country. In view of 
the importance of oilseed crucifers in the national economy 
of the country, various aspects of Alternaria blight 
disease of rapeseed and mustard, one of the important stumb-
ling blocks in raising the productivity of.oilseeds, were 
investigated. These aspects included the study of the 
symptoms of the disease; studies on morphological and 
cultural characters of the causal organism; effect of 
various factors and different nutrient sources on growth 
and sporulation and spore germination of the pathogen; 
observations on survival and perpetuation of the pathogen; 
host-age of the crop as a factor in susceptibility; 
relationship of atmospheric temperature and relative humidity 
and disease development; ascertaining the effect of the 
disease on oil and protein content of rapeseed and mustard; 
host range studies of the pathogen; and control measure 
studies. 
Field study of the symptoms of disease caused by 
A.brassicae showed that the disease appears at two different 
stages of plant growth. At seedling stage, damping-off 
of the seedling-^  occurred. The aerial parts of the seedlings 
that could emerge and survived were infected later. After 
the emergence of the seedlings, the lower leaves were 
first to be attacked on which circular spots with concentric 
rings appeared which gradually enlarged and coalsced with 
each other tending to cover large areas of the leaves. 
Almost all the leaves of the plants gradually developed 
such symptoms. The stems and pods were also attacked. 
Elongated lesions appeared on stems which eventually deve-
loped black sooty colour. Lesions also developed on pods. 
Severely attacked leaves and pods died and withered. The 
identity of the fungus causing blight of rapeseed and 
mustard was established as Alternaria brassicae (Berk,) 
Sacc, based on its morphological characters and pathogenicity 
tests. 
Cultural and morphological characters of the pathogen 
A,brassicae were studied on various solid and liquid media. 
Variations in colony characters were observed on different 
solid media. Potato dextrose agar medium amongst the solid 
media and Kirchoff's medium amongst the liquid media were 
found as best for its growth and sporulation. Consequently 
potato dextrose agar medium and Kirchoff's medium were 
selected as solid basal medium and liquid basal medium 
respectively. 
The growth and sporulation of the pathogen was found 
to be influenced by temperature, relative humidity, pH as 
well as exposure to light and darkness. The growth o>f the 
pathogen occurred at a range of temperature from 5 to 30*'C 
tried in the experiment. The growth was greatest at 23°C, 
A similar trend was obtained in sporulation. Alternate light 
and darkness was favourable. The growth and sporulation was 
comparatively poor in continuous light and complete darkness 
conditions. The pathogen was able to grow at all the 
relative humidity levels tried. Gradual increase in relative 
humidity correspondingly enhanced the mycelial growth and 
sporulation. The optimum range for mycelial growth was 
95-100 per cent. It peaked at 100 per cent. Mycelial growth 
of the fungus occurred at all the pH levels tried, the 
highest being at 6.5. An increase or decrease from this 
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level (pH 6.5) gradually supressed its growth. Sporulation 
was noticed at all the levels except 2.9 and 9.2, 
Studies of the nutritional requirements of the 
pathogen were undertaken to assess the relative efficacy of 
different kinds of nutrient sources. All the carbon sources 
favourably influenced growth of the pathogen. Without carbon, 
growth was very poor. Among the different sources applied, 
starch emerged best followed by cane sugar and sucrose. 
Similar effects of different nitrogen sources were observed 
on its growth. Peptone was found as best source. Absence 
of any source of nitrogen (control) drastically checked its 
growth. The influence on sporulation, however, varied. 
There was no correlation between fungal growth and sporula-
tion. Some of the amino acids improved its growth conside-
rably while others inhibited its growth and sporulation, 
DL-threonine was the best amino acid for improving its growth 
and sporulation. 
Addition of different sulphur and phosphorus sources 
significantly enhanced growth and sporulation of A.brassicae, 
Response to various sources used, however, varied. Amongst 
the phosphorus sources, performance of dibasic potassium 
phosphate was best. Similarly potassium sulphate was best 
amongst sulphur sources. In these studies, a positive 
correlations between extent of mycelial growth and sporulation 
were observed. 
I 
Response of the pathogen to various vitamins and 
growth regulators indicated that the pathogen was prototrophic* 
requiring no exogenous supply of vitamins or grov/th reulators. 
Some of the vitamins and growth regulators accelerated its 
growth whereas the others were inhibitory. Biotin, nicotinic 
acid, ascorbic acid and thiamine among vitamins and Beta-
indol butyric acid and 2,4-dichlorophenoxy acetic acid among 
growth regulators increased its growth considerably. 
Effect of temperature and relative humidity and 
different nutrient sources on spore germination were studied 
under controlled conditions. More or less similar trends- in 
their effects were observed as in case of effects on growth 
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and sporulation. The optimum range of temperature for 
spore germination was found as 21-25°C, the best being 
23'C. Maximum germination occurred at 100 per cent rela-
tive humidity. Starch and peptone were best carbon and 
nitrogen sources respectively for influencing highest spore 
germinations. Glycerol among carbon sources and ammonium 
molybdate among nitrogen sources effected lowest' spore 
germination. Effect of majority of the vitamins and the 
growth reulators was adverse on spore germination. Biotin, 
nicotinic acid and ascorbic acid among vitamins and Beta-
indol butyric acid,2,4-dichlorophenoxy acetic acid and 
Alpha-naphthalene acetic acid, however, did not suppress 
spore germination. Spore germination was considerably high 
even in the absence of any vitamin or growth regulator which 
indicated that the pathogen has no requirement of exogenous 
supply of these substances. 
The studies undertaken to ascertain the mode of 
survival and secondary spread of the disease demonstrated 
that the pathogen remains viable in diseased plant debris 
and seeds of infected plants and they serve as primary 
sources of inoculum. Additionally, the pathogen was found 
to be internally seed-borne and the infected seed were thus 
found to be the cause of damping-off of seedlings as 
observed in field study. Air-borne conidia produced on the 
aerial parts of the infected plants were found to be respon-
sible for secondary spread of the disease. 
studies to determine the most susceptible age of 
the plant showed that the 10-day-old plants were most 
vulnerable to the attack of A.brassicae. The susceptibility 
gradually declined with an increase in the age of the plants. 
An incubation of 48 h in moist chamber was found necessary 
for the disease development. Highest disease intensity, 
however, occurred on plant incubated for 72 h. Environ-
mental factors like temperature and relative humidity, 
influenced the disease development greatly under field 
conditions. The temperature conditions and the relative 
humidity levels prevailinr; during first fortnight of 
December to second fortnight of January were best for the 
disease development. These conditions may be considered 
congenial for the out-break of the disease. 
The attack of the pathogen on the crpps of rapeseed 
and mustard was found to reduce the oil content of the seeds. 
The extent of reduction, however, varied depending upon the 
variety involved. But slight increase in protein content 
of the seeds occurred, 
« 
It emerged from host range studies which included 
50 plant species belonging to 15 families that A.brassicae 
has a restricted host range. All the plants of the family 
Brassicaceae were readily attacked by the pathogen. Out 
side the family Brassicaceae, only three plants viz,, 
Chenopodium album (Chenopodiaceae) Convolvulus arvensls 
(Convolvulaceae), Anagallis arv-ensis (Primulaceae) were 
infected by the pathogen. 
l) 
Screening of cultivars and fungicidal applications were 
tried as measures of control for the disease. A large number 
r 
of cultures/varieties of rapeseed and mustard were observed 
for their reaction against the pathogen under, natural condi-
tions in the field. Some of the cultures/varieties of 
mustard were found to be free from the disease and a few 
others showed a varying degree of resistance. Some of the 
cultures/varieties of rapeseed were also moderately resistant 
under field conditions. In artificial inoculations, all 
these cultures/varieties showing' different degrees of 
resistance became susceptible or highly susceptible. 
In control studies with fungicides, all the fungicides 
included in the test when incorporated in the;medium (PDA) 
inhibited mycelial growth of the pathogen. Dithane iyi-45, 
Dithane Z-78, Ziram, Difolatan-80, Blitox-50, Thiram, Brestan-60 
and Benlate completely checked its growth. Rest of the fungi-
cides were not so effective but arrested the growth to a 
varying extent. Further studies on fungicides in which total 
inhibition in growth was observed revealed that six of them 
were fungicidal in action. Thiram and Benlate were^howexjer / 
fungistatic. 
Studies were undertaken to examine the effect of the 
six fungicides which were totally inhibitory to mycelial 
growth of the pathogen ijn vitro and fungicidal in action 
on damping-off of the seedlings under controlled conditions. 
a 
Seed dressing with the fun£;,icides was effective in controlling 
the pre-and post-emergence damping-off of the seedlings. Their 
efficacy ,however_,varied. Performance of Penlate was best 
followed by Dithane M-45. 
The six fungicides were further tried for two conse-
cutive years as foliar spray to ascertain their efficacy in 
controlling the disease in crop fields. Dithane M-45 emerged 
as best in reducing the disease intensity and improving the 
yield. Rest of the fungicides were also effective to a great 
extent in this respect. 
A schedule of spraying with Dithane M-45 was worked 
out, taking the disease intensity and economics of inputs and 
output into consideration. A schedule of four sprays at 
15 day intervals when the crop v/as a month old was found to be 
economically most profitable. 
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INTRODUCTION 
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INTRODUCTION 
Rapeseed (Brassica campestrls L.) and mustard 
(B.juncea (L.) Czern and Coss) are only next to peanut in 
Indian oilseeds. In India, they are grown mainly as 'Rabi' 
crops, occupying 3,892,7 thousand hectares of the cultivated 
land and provide 2,565.9 thousand metric tqnnes of seed. 
The state of Uttar Pradesh with an area of 1,547.4 thousand 
hectares under oilseed crucifers cultivation and 811.5 
thousand metric tonnes of production ranks first in Indian 
Union in acreage as well as in production (Anon,1984). 
Rapeseed and mustard have sundry of uses (Singh,1958) 
ranging from human consumption to industrial uses. The , 
infant leaves are used as green vegetables; the seeds and oil 
as condiments in the preparation of pickles and for flavouring 
curries and vegetables; in various culinary purposes as salad 
oil; in baking for improving the appearance of loaves; and in 
preparation of butter substitutes. Besides, it is used for 
lighting; for preparation of greases, soaps, paints, varnishes, 
hair oil; for quenching of steel plates; sizing of cloths and 
for softening of the hides in tanneries. Recently, industrial 
utilization of erucic acid, a component of Brassica crops is 
picking up. It is interesting that the cattle fed on 'taramira' 
cake are reported to be immune to tick-attack. Surplus cake 
is applied in organic manuring. 
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Despite the established importance of this group of 
crops, its productivity per unit area in India is very low 
as there has been no varietal break-through in rapeseed and 
mustard as in wheat and paddy crops. It can also be achieved 
for rapeseed and mustard by improved agro-techniques and 
growing high yielding varieties provided adequate check 
against various diseases and*insect-pests is assured which 
oftenly appear the sole reason for its low productivity. 
There are eighteen diseases occurring on several 
species of rapeseed and mustard. Out of them, three diseases 
are economically important namely (i) white rust caused by 
Albug-o Candida (Pers.) Kuntz (ii) Downy mildew caused by 
Peronospora parasitica (Pers.) ex Fr, and (iii) Alternaria 
blight caused by Alternaria brassicae (Berk.) Sacc, 
A.brassicicola Wilt, and A.raphani Groves and Skolko of which 
the former pathogen is of much more significance than the 
latters (Chohan,1978). In India, Alternaria blight caused 
by A.brassicae was reported for the first time by Mason (1928) 
from Pusa, Bihar, Since then it has been reported from 
different parts of the country, 
Alternaria blight is the most destructive disease as 
it causes extensive blighting on leaves as well as on siliques 
resulting in great reduction in yield, Damping-off of seed-
lings emerging from diseased seeds is also caused by A. 
brassicae. At present, the disease is appearing as a newer 
3 
threat for successful and profitable Qultivation of rapeseed 
and mustard in Uttar Pradesh. 
Earlier works are confined mainly to record the 
disease in India with little information on the pathogen and 
its control. 
Considering the every day increasing demand of oilseed 
and oil in India and abroad, and in view of its possible 
future and role in national economy, the present investiga-
tions were undertaken to gather detail information on differen 
aspects of A.brassicae causing Alternaria blight disease along 
with the following main objectives in view so as to workout 
its effective control measures:-
1. Study of symptoms of the disease on infected plant parts 
in field; 
2. To isolate the pathogen from naturally infected plants 
and its pathogenicity test; 
3. To study the effect of temperature, light, relative 
humidity, pH and culture media on the cultural and mor-
phological characters and sporulation of the pathogen; 
4. To study the effect of different sources of carbon, 
nitrogen, sulphur, phosphorus, amino acids, vitamins and 
growth regulators on the pathogen; 
5. To study the nature of the disease and survival of the 
pathogen; 
4 
5, To find out the reaction of some promising cultivars 
to the pathogen under field and artificial conditions; 
and 
7. To test the efficacy of various fungicides against the 
pathogen (A.brassicae) in laboratory and the effective 
ones to be tested under field conditions. 
LITERATURE REVIEW 
5 
LITERATURE REVIEW 
It has long been knovm that there are at least three 
Alternaria species pathogenic on crucifers viz., Alternaria 
brassicicola Wilt,, A.brassicae (Berk.) Sacc. and A.raphani 
Groves and Skolko (Groves and Skolko,194A; Neergaard,19^5; 
Wiltshire,1947; Atkinson,1950; Changsri and Weber,1963; 
Taber,1964). These species could be distinguished by their 
spore-size as well as by the symptoms produced on the host 
plants. However, there has been a- great deal of confusion 
in the literature with respect to the nomenclature of these 
fungi, probably originating with their mis-determination by 
Saccardo (1886) (Groves and Skolko,194^). For decades, 
Alternaria circinans (Burk. & Curt.) Bolle has been mistaken 
for A.brassicae but many investigators have later found the 
two as one and the same species. Hence, many of the older 
statements as to the occurrence of A.brassicae are uncertain 
as regards its species determination. 
A.brassicae causes the disease on a number of cruci-
ferous plants (Weber, 1932; Groves and Skolko, 1944; V/iltshire, 
1947; Dey,1948; Mc Donald,1959; Changsri,I96O; Changsri and 
Weber,1963; Husain and Thakur,1963; Bhander and Maini,1965; 
Prasadae_t al.,1970). It is distributed over all European and 
Asian countries where cabbage, cauliflower, rapeseed and 
mustard are grown (Neergaard,1945). 
A.brassicae was first reported from England by 
Berkeley (1836), Two decades later, Kuhn (1855) investiga-
ted the attack of this fungus on rapeseed in Germany and 
gave a thorough description of the fungus supported by 
detailed drawings. The fungus became well-known which 
ensured numerous reports concerning the appearance of the 
fungus on the Cruciferae from different parts of the world, 
Bolle (1924) on the basis of thorough investigations eluci-
dated the nomenclature of the fungus and experimentally 
demonstrated its pathogenicity for Cruciferae. 
In India, the first report of the fungus was made by 
Mason (1928) from Pusa, Bihar on 'Sarson' (herbarium material), 
Since then, it is being constantly reported from different 
parts of the country. The disease was noticed by Dey (19^8) 
much earlier also in Uttar Pradesh but did not cause much 
concern till very recently when it became wide-spread causing 
enormous losses. Earlier works are mainly related to mere 
recording and reporting of the disease on Indian oilseed 
crucifers. 
Cultural and Morphological Characters of the Pathogen; 
The species consist of several morphological races, 
Fajardo and Palo (193^) demonstrated morphological diffe-
rences between a number of isolates of A,brassicae obtained 
from different cruciferous hosts. These isolates differed 
slightly in their nutritional requirements. Neergaard (19^5) 
observed that isolates of A.brassicae from radish and 
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horse-radish grew well on malt extract and standard nutrient 
agar media; spore measurements showed that there were minor 
morphological differences between the two isolates (especially 
as to the width of the spore) and these differences were 
observed to be constant on the above media. Spore-size was 
bigger on malt agar and smaller on standard nutrient agar 
medium. Some isolates of A.brassicae were also observed 
differing macroscopically in culture on cherry agar as well 
as in pathogenicity to colza seedlings (Van Schreven,1953). 
Wiltshire (19^7) described the characteristic morphological 
features of A.brassicae as its coloured thick conidiophore, 
the short chain of conidia with comparatively few cross septa, 
thick beaks anc smooth or almost smooth surface, size 
76-350 X 11-42 ii with beak. Singh and Gupta,(1953) observed 
that the coniaia of A.brassicae are usually greenish brown 
in colour, somewhat bottle-shaped, having a long colourless 
beak at the tip and two to five cross septa and one or two 
longitudinal septa at the prope^ end. The size of conidia 
was reported as 54-227 x 10-27 XL. In another report also -
(Changsri and Weber,1963) A.brassicae was found producing 
grey spots densely covered with brown conidiophores and 
spores, the latter measuring 86.4-252,6 x 14,7*32.6 h 
(mostly formed singly). The fungus sporulated rather poorly 
on many agar media. 
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Joly (1965) advanced a key for determining the 
various species of the genus Alternaria mainly on the basis 
of their spore-size; A.brassicae measuring 80-1OC x 15-25 h 
excluding the beak. The preceding morphological characters 
of A.brassicae strengthen more or less those already reported 
by Neergaard (19^5). 
Morphological characteristics of the pathogenic 
A.brassicae were reported by Mc Donald (1959) froE Manitoba, 
Spores measured 80-117 x 17-27 JU, predominantly beaked when 
fully developed and did not,form chains. Colonies on potato-
sucrose-agar consisted of pinkish white mycelium with few 
conidia. More conidia were produced on V-8 juice agar 
usually in concentric rings in the central portion of the-
colony. 
The fungus, A.brassicae sporulates poorly on agar 
media in contrast to a natural one (Grove and Skolko,1944). 
Neergaard (19*^ 5) and Rangel (19^5) observed abundant sporula-
tion on plated naturally infected rapeseeds with the object 
of obtaining a medium on which copious spore production 
could be induced. Mc Donald (1959) autoclaved seeds of rape, 
alfalfa, beans, sorghum and barley in medicine bottles. 
These were inoculated with'spore suspension of the fungus 
and incubated for two weeks. Only 10 per cent alfalfa-seed-
decoction-agar (ADA) medium was found to stimulate maximum 
sporulation. The colonies on this medium were covered with 
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typically large, olive brown conidia. Despite about one-
third reduction in the size of the colony, spore yield was 
five times greater to that when grown on V-8 agar. This 
copious production.of conidia on ADA occurred only if the 
culture tubes were seeded with a single spore. Tubes or 
plates of any one of three media (potato-sucrose, alfalfa-
seed-decoction and V-8 agar) flooded with a conidial suspen-
sipn yielded fewer spores which were also small and typical. 
Besides, wh-en several single spores were transferred separately 
to a plate of ADA, conidial type colonies developed which 
were mutually antagonist. This, however, did not happen on 
V-8 juice agar. Taber £t a]^. (1968) reported better growth 
of A.brassicae also on malt agar medium. 
Data concerning the grcv/th characteristics of 
A.brassicae on 21 different media (Changsri and Weber,1963) 
indicated that the fungus could grow and produce spores on 
a wide range- of media and could develop in typical patterns 
with distinctive features-onrall the media. It was charac-
terized by a slow and redundant growth.. Conidiophores and 
conidia were brown. The fungus could grow and sporulate 
well on all the concentrations of the broccoli-leaf-decoction 
tested. Recently, Prasada e_t al_. (1970) observed that out 
of several soli,d media tested, the growth of A.brassicae was 
maximum on glucose-asparagine medium after six days. However, 
it was minimum on Czapek's and Brown's agar. After 12 days, 
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however, growth was maximum in Richard's medium. This shows 
that the fungus requires a :pich medium for growth and sporu-
lation. 
Mukadam and Deshpande (1977) also studied germinabi-
lity of A.brassicae and A.brassicicola isolated from severe 
and moderate types of leaf spots respectively on mustard 
plant. In both the species, germinability of spore was 
affected greatly by the conditions present during sporula-
tion, Germinability of spores of both the species cultivated 
on rich media was more than the germinability of the spores 
produced on complex or poor nutritive media. Presence of 
metabolic inhibitors in the growth media reduced spore germi-
nability even in the presence of nutrients (CZ-D) and caused 
abnormalities in their morphology. 
Nehemiah and Deshpande' (1976) observed that A.brassicae 
isolated from severe type of leaf spots of mustard can produce 
cellulase constitutively. Therefore, its ability to decompose 
cellulosic fibers was studied. Nehemiah and Deshpande (1977) 
further reported that the pH for activity of Cx, C^, Cp and 
y3 -glucosidase (Cellobiase) components of in vivo cellulase 
produced by A.brassicae was unimodal at pH 6.6, The optimum 
temperature for activity of this thermostable cellulase was 
25*0. Dilutions reduced enzyme activity and dialysis decreased 
its activity. 
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Effect of Various Factors on Growth and Sporulation of the 
Pathogen; 
1, Temperature;- Many of the fungi need a temperature 
range varying from 20 to 25*'C for' their growth and sporulation. 
Likewise, A.brassicae being a mesophilic fungus also requires 
the same range of temperature. Neergaard (19^5) reported 
optimum temperature for A.brassicae to be 23*0 which was 
confirmed later by Limasset (1955) in the annual report of 
Institute Versailles for 1952, The grov/th was, however, 
possible from as low as 2*'C to a maximum of 30°C. Workers in 
sixties have also reported almost similar results with regard 
to the temperature requirement of Alternaria species, 
Changsri and Weber (1963) observed that optimum temperature 
for A.brassicae ranged between 20 to 24*0. Similarly, 
Taber et_ al^ . (1968) obtained the best radial extension by 
A.brassicae at 22''C with an optimum range of 20 to 25*0. 
Recent findings of Czyzewska (1969) show that A, 
brassicae can grow at a temperature range of Oo5 to 33^0 with 
an optimum at 23''C. 
2. Light ;- Gullemaests (1910) observed that 
Alternaria tenuis produced zones when subjected to daily 
change of light and darkness. Later Dillonweston (1936) 
stated that sporulation of Alternaria solani was induced by 
a strong light while Klaus (19^1) claimed that only weak light 
was sufficient to induce sporulation and that complete darkness 
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inhibited it. Stimulation or inhibition of sporulation in 
Alternaria species by the light has also been reported by-
Marsh £t a^. (1959). 
Aragaki (1961) disclosed that sporulation of 
Alternaria tomato might be inhibited by the light at high 
temperature. In further studies, he found that sporulation 
of the pathogen in cultures was checked by light of different 
wave lengths but the darkness stimulated it (Aragaki,1962). 
It was later confirmed by Lukens (1963) who observed that the 
day old conidiophores from starved A.solani cultures required 
12 h of uninterrupted darkness to produce conidia,Changsri 
and Weber (1963) investigating the effects of light and 
darkness on zonation observed that exposure of cultures of 
each of the three Alternaria species, i.e., A.brassicicola, 
A.brassicae and A.raphani to normal day and night light 
resulted in the production of alternate zones. Cultures 
•grown either in continuous light or in darkness failed to 
produce zones which were, however, produced in the cultures 
changed from light to darkness or vice-versa. 
Recently, Gupta _et a]^,(1972) found that maximum growth 
and sporulation of A.brassicae occurred with alternate day 
light and darkness. Continuous light inhibited it completely. 
3. Hydrogen-ion concentration;- Changsri and Weber (1963) 
reported the optimum pH for the growth of A.brassicae ranging 
between 7.1 and 8o1 with the minimum close to 3.0 and maximum 
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beyond pH 9oO. In general, response of A.brasslcae to v/ide 
range of pH tested from 2f0 to 9.1 was relatively poor than 
others. In a later finding also Gupta et al_.(I969) observed 
that an isolate of A.brasslcae from cauliflower grew at pH 
values ranging from 3.0 to 9.0, the optimum being at 5.5 and 
sporulated well at pH range of 5.0 to 6.5 but not at all eithei 
at 3.0 or at 9.0. Recently, Prasada et al.(1970) reported 
that pH varying from A.O to 6,0 supported better growth of 
A.brasslcae but 5.5 was found to be best. Growth at pH 3.0 
or 9.0 was hardly visible but there was no sporulation at all. 
Effect of Different Nutrient Sources on Growth and Sporulation 
of the Pathogen : 
I0 Carbon :- Szelenyi and Becze (1928) while deter-
mining the assimilative capacity and enzymatic action of 
A.solani observed that the fungus could utilize large quanti-
ties of saccharose, maltose, lactose and starch but raffinose 
was assimilated to a lesser extent, while inuline, melezitose, 
salicin and anygalalin remained untouched during the study of 
radial spread of A.solani against varying concentrations and 
combinations of malic acid, glucose, sucrose, fructose in 
standard medium. Carter (1934) observed that the fungus 
spread slowly in media containing over 0.4 per cent malic acid 
Within the limits of the test, the rate of spread was not 
greatly affected by changes in concentration o£ sugar or by 
substitution of sucrose for glucose. The substitution of 
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fructose for glucose, however, favoured the spread. Joly(1962) 
also found the maximum sporulation of Alternarla species with 
a sugar content of 1 to 3 per cent with diholosides and 10 
per cent with hexoses. Irrespective of the source of sugar 
abundant sporulation was accompanied by a reduction in spore-
size, 
Taber e_t aI^o(1968) and Gupta et a2^ . (I969) observed 
growth and sporulation of A.brassicae on a medium containing 
starch, glucose, mannitol and maltose. Taber e_t al. (I968) 
observed further that A.brassicae grev/ most rapidly on starch 
but slo-vly on mannitol. A good growth was obtained after 10 
days of inoculation. 
2o Nitrogen;- Grewal (1955) based on the 'Aork carried 
out in his project on "assessing the efficacy of a great 
number of nitrogenous substances on the behaviour of A.tenuis" 
reported that growth was significantly improved by magnesium 
and calcium nitrates, ammonium acetate and oxalate, peptine, 
D-alanine, L-phenylalanine, glycine and acetamide. L-leucine 
and histidine were poor sources of nitrogen." There was no 
growth when nitrogen was omitted from the nutient medium nor 
with sodium or potassium nitrate. Sporulation was best with 
peptone, L-aspartic acid and all nitrates except ammonium; 
fair with valine, L-asparagine and urea; reduced by the 
am.monium salts; and in general checked completely by a number 
of other nitrogenous sources. 
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Two isolates of A.raphani grew faster when glutamic 
acid was supplied as nitrogen source than when peptone, 
ammonium succinate, potassium nitrate, glycine, leucine, 
asparagine or urea were added (Taber et al_. ,1968). In the 
following year, Gupta £t al.(1969) reported A,brassicae 
growing maximum on calcium nitrate followed by potassium 
nitrate. Both the sources yielded maximum and equal sporula-
tion. Am.monium source supported growth but inhibited sporula-
tion completely. Another work on the growth response of 
A.brassicae to different nitrogen media (Khandelwal and 
Prasada,1970) also indicated that the fungus could utilize ' 
nitrate, nitrite, ammonium and organic nitrogen. • 
^° Phosphorus:-• Singh and Tandon (1971) observed that 
isolates of Alternaria alternate from mango and guava grew 
well on potassium phosphate but for another isolate from banan 
it proved only a moderate source, calcium phosphate taking 
the first place. All the isolates, however, showed-poor growt 
in the absence of phosphorus. 
4. Sulphur;- A.tenuis has been reported to grow and 
sporulate when fed on magnesium sulphate and there was no 
suitable substitute for it (Tandon and Chaturvedi,1963; 
Hasija,1969). Of late Singh and Tandon (1971) found sodium 
hyposulphite, magnesium sulphate and zinc sulphate as satis-
factory sulphur sources for the isolate of A.alternata from 
mango, banana and guava. Lack of sulphur resulted in poor 
growth. 
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5. Vitamins;- Lewis (1952) reported that an isolate 
of A.solani from Toronto seemed to have no obligate vitamin 
requirement. Its initial growth rate was materially increased 
by the addition of biotin at Oo005 a g, choline at 2 mg and 
thiamine at 1 mg per liter to the basic mineral salts medium. 
The total growth if recorded after a long duration failed to 
vary from the control. Gough and Lilly (1955), on the other 
hand, found A.solani and A.tomato to be particularly deficient 
for biotin and inositol but Taber £t alo(1968) working on 
A.raphani confirmed the findings of Lewis (1952) and found 
that fungus did not have any exogenous requirement of vitamins 
Recently, Prasada et_ al. (1970) reported that good growth of 
A.brassicae was obtained by the addition of nicotinic acid 
followed by pyridoxine and ascorbic acid while inositol and 
lactoflavin inhibited the growth. 
Spore Germination Studies; 
Studying the effects of various factors on the germi-
nation of spores of A.solani, Doran (1922) found that mature 
spore (especially which had just reached maturity) germinated 
through a wide range of environmental conditions in compa-
rison to immature or old. Investigating the effect of 
temperature on germination, Bickerton (1943) observed the 
conidia of Alternaria dianthi germinated at temperatures 
ranging from 2o7 to 3o1''C, The optimum temperature was 
17.7 to 27.2*0 with a peak at about S^.S^C. Within this 
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optimum range, most of the spores of A.brassicicola germinated 
favourably well in the solution containing magnesium nitrate, 
glucose and potassium dihydrogen phosphate. 
During his investigations on spore germination 
Chowdhury (1937) found that spores of A.brassicae made 36.5 
per cent germination at 100 per cent relative humidity (R.H.) 
within 6 h of study and reached the maximum (98o7 per cent) 
after 76 h of incubation; R.H. 96.9 per cent ranked second. 
Poorest germination occurred at 90 per cent relative humidity 
where even after 76 h germination was merely 10o7 per cent 
and the germination did not start before 72 h of incubation. 
Kadian and Saharan (1984) found that optimum temperature for 
spore germination was 25*0; leaf wetness period of 16-24 h 
was necessary for high infection at the critical temperature 
of 25**C. Influence of light intensity on conidial germina-
tion had deleterious effect on spore germination. 
Perpetuation and Secondary Spread of the Disease; 
Weimer (1924) reported that A.brassicae from cauli-
flower could be carried to the seed bed on the seeds causing 
damping-off of seedlings and spores formed on the latter 
served to spread the disease further. Seed was found as the 
disease carrier also by Chupp (1935). Similarly, isolation 
of the pathogen A.brassicae from the seeds of cabbage, 
cauliflower, rape and radish by Groves and Skolko (1944) 
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proved the seed-borne nature of the pathogen, Rangel (19^5) 
found that the pathogen harboured by the seeds of cauliflower, 
broccoli and other crucifers was in the form of mycelium, 
Neergaard (19^5) isolated A.brassicae from 27 out of 
105 lots of radish which revealed the seed-borne nature of the 
pathogen. During the studies of grey discolouration of seed 
of Sinapsis alba, Jorgensen (1967) found it to be due to 
A.tenuis followed by A.brassicae, Further, Dey (19^ -8) stated 
that Alternaria sp. on mustard was carried in through seed 
coat. 
Weimer (1924) observed an isolate of A.brassicae from 
cauliflow-er hibernating in the soil on decaying tissues of 
the host. Raabe (1939) working on the same pathogen from 
colza and rapeseed opined that infection was perpetuated by 
conidia produced in,the early summer by over-wintered plant 
debris. The pathogen, A.brassicae was found to be carried 
through wind (Pape,194l). 
Studies on Host-age in Relation to Susceptibility; 
Czyzewska (1969) reported that the incidence of the 
disease caused by A.brassicae was most severe during the 
period of "yellow-green ripeness" of the siliques of the 
rapeseed. Relation of age to severity of infection was 
reported previously by Prabhu and Prasada (I966) working with 
Alternaria triticina. They observed that upto 33-day stage 
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only a few spots appeared on the leaf. Plant older than one 
month had good infection and it was the severest at the 
bootstage (115-day-old plant). 
Studies on the Effect of Atmospheric Temperature and 
Relative Humidity on the Decree of Infection and Disease 
Development; 
Dey (19^8) reported that heavy loss to mustard and 
rapeseed crops when there were neavy rains in winter and the 
weather was favourable for the pa\thogen (A.brassicae). 
Louvet (1958) from France observed\that before an epidemic 
spread of A.brassicae, it was esseuuxal that it ^ rst sporu-
lated abundantly on leaves and then dispersed by wind, 
penetrated the fruits, each of these stages favoured by' 
prevailing:: weather. Mo Donald (1959) also found that the 
environmental factors affected the development of the disease 
caused by A.brassicae. 
Kaushik _e;t al. (1975) observed at Hissar (India) that 
climate favours the fungus at initial stages-of plant growth 
which resulted in high incidence of disease and considerable 
loss in yield. 
Effect of Alternaria Blig^ ht on Oil and Protein Content of 
Rapeseed and Mustard : 
Nijhawan and Hussain (1964) reported that the oil 
content of the diseased seeds of yellow mustard was low in 
comparison to -healthy on^s. All other constituents viz,, 
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protein and carbohydrate increased. However, there were no 
significant differences in the quality of oil as represented 
by iodine value, allyl-isothiocyanate and refractive index 
of the oil. 
Host-range Studies; 
Spontaneous attack of A.brassicae has been ascertained 
by various workers on a number of plants. Majority of the 
Brasoica species have been found affected by the pathogen. 
Those species are B.campestris var, sarson (Mason,1928; 
Bhander and Maini,1965; Taber and Vanterpool,1963), 
B.chinensis (Fajardo and Palo, 1934; Bhander and Fiaini,19D5) 
B.napobrassica (Bolle,1924; Neergaard,1938), B.napus 
(Kusain and Thakur,1963; Taber and Vanterpool,1953), 
B,oleracea (Berkeley,1836; Reyes and Daniels,1968), 
B.pekinensis (Fajardo and Palo,1934), B.rapa (Chupp,1935; 
Darpoux,1945)I 3.nigra (Darpoux,1945), B.juncea, 5.alba and 
B.tournefortii (Husain and Thakur,1953), Besides, Bunias 
orientalis, Isatis tinctoria, Mathiola incana (Bolle,1924), 
Iberis amara (Neergaard,1943). Lepidium sativum, Raphanus 
sativus (Neergaard,1937), Sinapsis alba (Fajardo and Palo, 
1934; Jorgensen,1967), Eruca sativa (Prasada et al.,1970) 
Anagallis arvensis and Convolvulus arvensis have also been 
found as good hosts for A.brassicae (Saharan et al.,1982). 
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Control Measure Studies: 
1o Varietal resistance;- Dey (19^8) observed that 
B. juncea shov/ed considerable resistance whereas B.campestris 
var, sarson was very susceptible to A.brassicae. Further, 
Husain and Thakur (1963) observed B.campestris (Brown sarson) 
and B.chinensis as highly susceptible whereas some strains 
of B..juncea, B.ni^ra and B.alba were moderately resistant. 
One strain of B.napus and two strains of B.alba from Sweden 
were found highly resistant, the latter appearing to be 
immune to the disease. Studies made by Bhander and Maini 
(1965) on the relative resistance of some oilseed crucifers 
to Alternarja blight over four successive seasons, revealed 
B.alba and B.napus to be resistant while B.juncea fairly 
resistant; 'toria' and B.chinensis moderate in their reaction 
to the pathogen. The results pertaining to yellow 'sarson', 
brown 'sarson* and B.nigra though not consistent showed 
moderate susceptible reaction. Tetraploid 'toria' was found 
susceptible than its diploid forms while B.tournefortii proved 
to be more susceptibleo 
Tripathi e_t _al. (1978) studied inheritance of Alternaria 
blight resistance among the leaf spot diseases of 'raya', 
Alternaria leaf spot caused by A.brassicae and A.brassicicola 
is a limiting factor in its production. Out of 1360'raya' 
germplasm, 86 lines have been resistant under field conditions. 
These 86 lines were furttjer screened under artificial condi-
tiond and one line i.e. RC-781 was observed as highly resistant. 
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To incorpoi'ate resistance in standard varieties viz., Prakash, 
RL-18, T-59 and RH-30 were crossed with RC-781. F^  plants of 
ail four crosses gave resistant reaction showing thereby that 
resistance is a dominant character. 
2o Chemical control;- Nielsen (1933) conducted a 
series of experiments for the control of A.brassicae on 
cabbage and cauliflower in Denmark with 2 to 7 applications 
of two per cent Bordeaux mixture plus 0,5 per cent lead or 
calcium arsenate. Percentage of seed infection as judged by-
counts after three days in the germinator was reduced by 
half and the germination in turn increased by nine per cent. 
Seeds treated also with Sanagram VIII, a mercury compound, 
retained their germinability even after a long storage and 
showed reduced infection by the fungus, A.brassicae. 
Polyakoff (1939) was able to kill A.brassicae by five minutes 
exposure to solution of condensate containing 0.5 per cent 
formaldehyde. Similarly, in seed-disinfection tests with 
cruciferous hosts carried out by Crosier and Patrick (19^0) 
at Geneva, it was found that A.brassicae could be controlled 
by mercurial dusts which proved advantateous over other 
materials, provided the seeds were well covered and all the 
non-adhering excess was removed. 
Umalkar £t a]^. (1977) studied inhibition of A.brassicae 
by synthesized compounds as follows; 
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A. Thiamolae derivatives 
(1) 2 methyl - 4 (4'hydroxy phenyl) thiazoale 
(Pl) 
(2) 2 methyl - 4 (4' hydroxy 5 aldehyde phenyl) 
thiazoale (P^) 
B, Chlor-nitrobenz-isooxazoale derivatives 
(1) 7-chloro - 3 methyl -5-nitro-benz (1,2) 
isooxazoale (U-,) 
(2) 5 chloro - 3 ethyl -7-nitro-benz (1,2) 
isooxazoale (Up). 
The pathogen was inhibited by all the compounds at various 
concentrations. The P^  and Pp compounds inhibited 100 per 
cent growth at the concentrations of 50 and 25 ppm respec-
tively whereas U^  and Up compounds at 100 ppm concentration. 
Complete inhibition of spore germination was recorded at 
50 ppm by all the compounds tested except P^. 
In Punjab for the control of A.brassicae, captafal, 
mancozeb, wet table sulphur and fcntin acetate at the rate 
of 0.2 per cent of the proprietary',fungicide gave increase 
in yield to the extent of 52.8 per cent, 48o9 per cent, 
39»00,per cent and 37.7 per cent respectively (Chohan,l978). 
Singh and Rai (1982) studied .the effect of certain agro-
chemicals on growth behaviour of A.brassicae. All the 
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fungicides (Cupra-inar, Dithane, M-45, Dithane Z-78, Zincop) 
suppressed the radial growth. The effect increased with the 
increasing concentration; Oo3 per cent v/as most effective as 
the growth of the pathogen was completely inhibited. Dithane 
Z-78 was best followed by Dithane M-A-5, Cupra-mar. Zincop had 
the least effect on A.brassicae. 
MATERIALS AND METHODS 
2:. 
MATERIALS AND METHODS 
To study the different aspects as indicated in 
the plan of work the following experiments were conducted: 
1. Isolation and purification of the pathogen, 
2. Pathogenicity test. 
3. Cultui^ and morphological characters of the pathogen, 
4. Effect of various factors on growth and sporulation of 
the pathogen, 
5. Effect of different nutrient sources on growth and 
sporulation of the pathogen, 
6. Effect of various factors on spore germination, 
7. Survival and perpetuation of the pathogen: 
a) Role of plant debris. 
b) Role of seed. 
c) Secondary spread of the disease, 
8. Host age in relation to susceptibility. 
9o Minimum period gf incubation in saturated atmosphere 
for successful infection. 
10o Effect of atmospheric temperature and relative humidity 
on the degree of infection and disease development, ' 
11, Effect of Alternaria blight on oil and protein content 
of rapeseed and mustard. 
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12. Host-range studies. 
13. Control measure studies: 
a) Screening of cultures/varieties for resistance. 
b) Chemical control: 
i) Screening of fungicides in laboratory, 
ii) Evaluation of fungicides for seed treatment 
and field application. 
The materials used and methods employed to carry out 
the experiments are given as under:-
1, Collection of Diseased Materials; 
Leaves of rapeseed and mustard (Brassica spp.) showing 
characteristic symptoms of Alternaria blight were collected 
at frequent intervals during the cropping season from the 
research farms of C.S.Azad University of Agriculture and 
Technology, Kanpur (U.P.). These naturally infected 
specimens were critically examined in the laboratory for the 
existence of the causal organism. The symptoms were thoroughly 
observed on different parts of the plants and characteristics 
were noted. Spots were measured. They were properly preserved, 
labelled and kept in wet and dry forms for further studies 
and future reference. 
2o Isolation and Purification of the Pathogen: 
The leaves with-fresh initial spots were selected for 
isolation of the pathogen. They were washed properly with 
sterilized water. Instruments to be used were sterilized by 
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using 95 per cent methylated spirit. Small bits of younger 
diseased leaf spots alongwith some healthy tissues were cut 
with the help of a scalpel, dipped in 0.1 per cent mercuric 
chloride solution for about 30 seconds for the sake of 
external disinfection, Thenafter, they were washed with 
3 to 4 changes of sterilized water. Excess moisture was 
removed by putting these pieces pressed in between the folds 
of sterilized blotting paper in the inoculation chamber. 
The diseased fragments of leaves were then transferred to 
petriplates poured with potato dextrose agar (PDA) medium. 
In each plate, three to four pieces were placed approximatel;; 
at equal distance and then incubated at 25°C (j: 1 ). As 
soon as, the mycelial growth was seen around the diseased 
pieces, hyphal tips from the advancing mycelia of different 
petriplates were transferred to the culture tubes. 
The culture was purified by single spore technique. 
A dilute spore suspension was poured on plain agar in 
petriplates and spores were allowed to settle down on the 
agar surface. Amount of the suspension was adjusted just 
enough to form a very thin layer over the surface of-the 
agar. The spores settled qui1:e apart from each other were 
selected under the microscope, marked and encircled with 
the help of inoculating needle. They were lifted along 
with agar and transferred to the petriplates containing 
PDA. After proper growth of transferred single spore, 
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regular sub-culturing was done to check further contamination. 
After the purification accomplished, pure culture of the 
pathogen was multiplied and maintained on PDA both in petri-
plates and in culture tubes. 
3o Pathogenicity Test : 
The pathogenicity of the fungus was established 
following Koch's postulates in a pot experiment on the leaves 
of rapeseed (Brassica campestris var. yellow sarson 
(cv. K-88),noticed to be highly susceptible to Alternaria 
blight under natural conditions. Seedlings were grown in 
30 cm clay pots filled with sterilized field soil. The young 
as well as fully developed leaves of one month old plants 
were inoculated by spraying spore suspension prepared in 
sterilized'water, with the help of an atomizer. Both 
mechanically injured and non-injured leaves were employed for 
inoculation. Plants were then covered with polythene bags 
for 72 h and sprayed occasionally with sterilized water to 
maintain maximum humidity. A separate set of control was 
maintained using only sterilized water in place of spore 
suspension. 
Thenafter, the pots were shifted to greenhouse 
benches where they were provided with proper cultural require-
ment for adequate plant growth and for the development of 
disease symptoms. Observations were regularly made and the 
data were recorded. 
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4, Cultural' and Morphological Characters of the Pathogen; 
Different cultural and morphological characters of 
the pathogen were studied on the following 12 synthetic and 
natural liquid and solid media : 
Oat Meal Medium 
Oat meal 100,00 g 
Distilled water 600-700 ml 
After cooking for 1/2 h 
put through wire sieve 
Distilled water 1000.00 ml 
Corn Meal Medium 
Corn meal 40.00 g 
Distilled water 1000.00 ml 
Malt Extract Medium 
Malt extract 25.00 g 
Distilled water 1000.00 ml 
Sabouraud's Medium 
Peptone 10.00 g 
Glucose 40.00 g 
Distilled water 1000.00 ml 
Mustard Leaf Extract Medium 
Mustard leaves 150.00 g 
Distilled water 1000,00 ml 
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Brown's Starch Medium 
Glucose 2.00 g 
Asparagine 2,00 g 
Tripotassium phosphate 1o25 g 
Magnesium sulphate 0.75 g 
Distilled water 1000.00 ml 
Potato Dextrose Asparagine Medium 
Pealed potatoes 200.00 g 
Dextrose 20.00 g 
Asparagine 7.50 g 
Distilled water 1000.00 ml 
Kirchoffs Medium 
Potassium dihydrogen i 00 e 
orthophosphate * 
Magnesium sulphate 0o25 g 
Asparagine 1,00 g 
Cane sugar 100.00 g 
Distilled water 1000.00 ml 
Asthana and Hawker's Medium 
Potassium nitrate 
Potassium dihydrogen 
orthophosphate 
Magnesium sulphate 
Glucose 
Distilled water 
3. 
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Richard's Medium 
Potassium nitrate 10,00 g 
Potassium di hydro gen R nn o-
orthophosphate ^"^^ ^ 
Magnesium sulphate 2,50 g 
Ferric chloride 0,02 g 
^ Sucrose 50,00 g 
Distilled water 1000,00 ml 
Potato Dextrose Medium 
Pealed potatoes 200,00 g 
Dextrose 20,00 g 
Distilled water 1000,00 ml 
Czapek's (Pox) Medium 
Sucrose 30,00 g 
Sodium nitrate 2,00 g 
Di-potassium hydrogen . 
orthophosphate • * ^ 
Magnesium sulphate 0,50 g . 
Ferrous sulphate 0,01 g 
Potassium chloride 0,30 g 
Distilled water 1000,00 ml 
The above mentioned media wherever required were 
solidified by the addition of two per cent agar. In all 
the experiments, media wet-e invariably sterilized at 15 lbs 
pressure per square inch (p,s,i,) for 15 minutes, unless 
otherwise stated. Chemicals of ANALAR grade were used. 
/ 
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Glasswares were thoroughly cleaned and sterilized in hot air 
oven. Distilled water was used throughout the studies, 
A week-old-culture of the pathogen was used as 
inoculum in each experiment. Inocula of 5 mm culture discs 
cut with sterilized corkborer from the advancing growth region 
of the pathogen was used uniformly throughout the studies. 
(i) Selection of the basal medium : 
With a view to determine the basal medium, the fungus 
was grown on forementioned twelve liquid and solid media. The 
criteria like average dry mycelial weight, linear growth and 
extent of sporulation of the pathogen were mainly taken into 
consideration. For determining the mycelial weight, 50 ml of 
each liquid medium v/as poured into 150 ml conical flask. The 
flasks were then inoculated with fungus culture and incubated . 
for 10 days at 23''C (+_2). Each treatment was replicated four 
times. At the end of incubation period, contents of the 
flasks were filtered through V/hatman's filter paper. Filter 
paper containing mycelial mat on them were washed thoroughly 
with distilled water and then dried in hot air oven at 60*C 
for 48 h and subsequently cooled in a desiccator over anhydrous 
calcium chloride. Average dry weight of four replicates was 
calculated. The medium in which highest dry mycelial weight 
was obtained, was selected as liquid'basal medium. 
For linear growth, 30 ml of sterilized medium was poure 
into 90 mm sterilized petriplates. It was inoculated and 
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incubated as stated before. Each treatment was replicated 
four times. After the expiry of the incubation period, 
linear growth of the pathogen was recorded in mm in two direc-
tions and then average was calculated. Measurements were 
done drawing two perpendicular lines passing through the 
center of the lower surface of the bottom plate. The medium 
with highest radial growth was selected as solid basal medium. 
The degree of sporulation was graded in the follov/ing 
five categories on the basis of spore count under the high 
power of microscope. 
No.of spores/microscopic Sporulation 
field 
Nil Absent (-) 
1 to 5 Poor (+) 
6 to 10 ' Fair (++) 
11 to 15 Good (+++) 
Above 15 Excellent (++++) 
Ridgway's (1912) "Colour standard and Colour nomen-
clature" was consulted for determining the colour production 
by the pathogen on various solid media in cultural studies, 
(ii) Cultural characters on different media : 
The pathogen was grown on the already detailed twelve 
different natural and synthetic media and the mycelial growth 
/ 
and sporulation of the fungus were recorded after 10 days of 
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incubation at 23''C (_+2). Data of the four replications were 
averaged. Colony characters of the pathogen growing on 
different solid media were also observed and recorded, 
5, Effect of Various Factors on Growth and Sporulation of 
the Pathogen : 
The effect of the following four factors were studied 
on the growth and sporulation of the pathogen: 
(i) Temperature :- Fungus was grown at various temperatures 
viz., 5,10,15,21,23,25, 28 and 30*0. Each treatment was 
replicated three times. In order to avoid the l,ag effect, 
the flasks containing the medium alone were incubated at res-
pective temperatures at least for 24 h before inoculation. 
Inoculation was done and thereafter the observations were 
recorded as usual after 10 days of incubation at 23°C (_+2). 
(ii) Light :- Investigations on the effect of light and 
darkness on growth and sporulation were carried out. One set 
of inoculated petriplates was wrapped with black paper and 
placed in the dark. Another set was exposed to continuous 
light of a 100 W electric bulb in a dark room while a third 
set was subjected to natural day and night light in the 
laboratory. Each set was replicated six times. Data on growtl-
and sporulation were recorded after 10 days of incubation. 
(iii) Relative humidity :- The pathogen was grown at various 
levels of humidity created artificially by using sulphuric acid 
solution of different specific gravities as per Buxton and 
Mellenby (1934). The experiment was repeated four times. The 
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growth and sporulation were recorded after 10 days of incuba-
tion 'at 23°C (^2). 
(iv) Hydrogen-ion concentration :-/ Kirchoff's liquid medium 
bufferred with N-sodium hydroxide aAd hydrochloric acid was 
used for this study. Before autoclaving pH value was adjusted 
and determined by pH meter. Average dry weight of mycelial 
growth and extent of sporulation were recorded after 10 days 
of incubation at 23°C (^2). 
6, Effect of Different Nutrient Sources on the Growth and 
Sporulation of the Pathogen : 
Various nutrient sources such as carbon, nitrogen, 
amino acids, sulphur, phosphorus, vitamins and growth regula-
tors were tested to determine their influence on vegetative 
and reproductive growth of the pathogen. Substitutions of 
these ingredients were made in the basal medium (Lilly and 
Barnett,1951). Prior to sterilization the pH of the media 
was adjusted at 6.5. Inoculations were done as mentioned 
earlier. Each treatment was replicated four times. Observa-
tions on dry mycelial weight and spomlation were made after 
10 days of incubation at 23''C (ji2). Specific details of 
nutrient sources used are as under : 
(i) Carbon :- The following eleven carbon compounds were 
employed to see their specific influence on growth and sporu-
lation of the pathogen. 
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(i) Monosaccharides 1. D-Glucose 
2. D-Galactose 
(il) Disaccharides 3. Lactose 
4. Maltose 
5. Sucrose 
6. Cane sugar 
( i i i ) Polysaccharides 7. Dextrin 
8. Starch 
(iv) Alcohols 9. D-Mannitol 
10. Sorbitol 
11. Glycerol 
12. Control (carbon free). 
These compounds were added separately in the carbon 
free basal medium bringing the carbon level at par to that 
contained in 100 g of sucrose; starch and dextrin were, 
hov/ever, incorporated in the amounts equal to that of sucrose, 
A carbon free medium served as control. 
(ii) Nitrogen :- The following 14 organic and inorganic 
nitrogen sources were tried. Concentration of each was so 
maintained that N-level reached the amount per cent in 10 g of 
asparagine per liter of basal medium. Peptone was, however, 
added in an amount equal to that of asparagine. Nitrogen free 
medium served as control. 
1o Peptone 
2. Ammonium nitrate 
3. Calcium nitrate 
4. Magnesium nitrate 
5. Potassium nitrate 
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6, Sodium nitrate 
7» Ammonium chloride 
8. Ammonium dihydrogen phosphate 
9o Ammonium phosphate 
10. Ammonium molybdate 
11. Ammonium oxalate 
12. Ammonium sulphate 
13. Thio-urea 
14. Urea 
15. Control (nitrogen free). 
Liquid media containing above sources were taken into 
150 ml conical flasks separately. After inoculation, they 
were incubated at 23''C (+.2) for 10 days. Data on dry mycelial 
weight and sporulation were recorded. 
(iii) Amino acids :- Mine different amino acids were employed 
as the source of nitrogen for determining the amino acid 
inducing the best vegetative and reproductive growth of the 
pathogen. In all the sources, amount of nitrogen was uniforml; 
adjusted in the manner mentioned for other nitrogen sources 
in the preceding experiment. The treatment containing aspara-
gine served as control. Inoculation was done as usual. The 
ob^jervations were taken after 10 days of incubation. Amino 
acids utilized are listed as under : 
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1. Beta-alanine 
2. DL-aspartic acid 
3. DL-valine 
4. Glycine 
5. L-cystine 
5, L-iso-leucine 
7. DL-threonine 
8. L-proline 
9. L-tyrosine 
(iv) Phosphorus :- Eight different phosphorus sources were 
incorporated in the basal medium substituting potassium di-
hydrogen phosphate. Concentration of each compound was 
properly adjus^ ted in medium so that its phosphorus l^vel 
became equivalent to that present in 1.0g of potassium di-
hydrogen phosphate. Medium free from phosphorus served as 
control, ^ 
Following were the compounds tested under this study; 
1. Dibasic potassium phosphate 
2. Ammonium phosphate 
3. Calcium phosphate 
4. Disodiura hydrogen phosphate 
5. Monobasic potassium phosphate 
6. Potassium phosphate 
7. Potassium dihydrogen phosphate 
8. Sodium dihydrogen phosphate 
9. Tribasic potassium phosphate 
10. Control (phosphorus free). 
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(v) Sulphur :- Following 13 sources of sulphur were studied 
to find out their relative effect on growth and sporulation 
of the pathdgen: 
1. Ammonium sulphate 
2, Calcium sulphate 
3o Copper sulphate 
4. Ferrous ammonium sulphate 
5. Ferrous sulphate 
6. Magnesium sulphate 
7. Manganese sulphate 
8. Potassium sulphate 
9. Sodium sulphate 
13, Sodium thio-sulphate 
11. Zinc sulphate 
12. Sodium bi-sulphite 
13. Sodium sulphite 
14. Control (sulphur free). 
The concentration of each compound was adjusted so as 
to contain an amount of sulphur equivalent to that present in 
0.25 g of magnesium sulphate. The observations were recorded 
after 10 days of incubation. 
(vi) Vitamins :- Studies on various vitamins were also taken 
up with a view to assess their influence on the growth and 
sporulation of the pathogen. They are listed below: 
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Vitamins Concentrations 
1. Ascorbic acid 200 mg/1 
2. Biotin 1 ug/1 
3. Choline 5 mg/1 
4. Folic acid 200 ug/1 
5. Inositol 200 ug/1 
6. Nicotinic acid 200 ug/1 
7. Pentothemic acid 200 ug/1 
8. Pyridoxine 500 ug/1 
9. Riboflavin 200 ug/1 
10. Thiamine, and 1 mg/1 
11. Control (vitamin free) 
Fifty ml of each medium was poured into 150 ml conical 
flasks which were then subjected to sterilization at 10 lbs 
p.s.i. for 15 minutes. Each treatment was replicated four 
times. After inoculation and incubation as usual, dry weight 
of mycelium and sporulation were determined. 
(vii) Growth Regulators :- Growth regulators viz., 2, 4-
dichlorophenoxy acetic acid, 2, 4, 5, trichlorophenoxy acetic 
acid, Beta-indol-butyric acid, alpha-naphthalene acetic acid, 
indol-acetic acid, Beta-indol-propionic acid and gibberellic 
acid were studied each at one ppm concentration to ascertain 
their influence on pathogen's growth and sporulation. Each 
treatment was replicated four times. After 10 days of inocu-
lation and incubation, dry weight of mycelial growth was 
recorded and spore counts were made. 
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7. Effect of Various Factors on Spore Germination of the 
Pathogen : 
Mode, and extent of spore germination were studied by 
hanging drop technique putting the spores in distilled water 
as well as in the liquid basal medium in cavity slides. The 
standard spore suspension containing 5 to 10 spores per micro-
scopic field under low power was invariably used in each 
experiment. Cavity slides were then placed in a moist chamber 
prepared with the help of sterilized petriplates and incubated 
at 25°C (_+2). Spores with germtubes longer than their width 
were taken to be as germinating. The minimum perioa required 
for initiation of germination was worked out by taking obser-
vations after every half an hour. 
Various factors like temperature, humidity, aifferent 
sources of carbon, nitrogen, vitamins and growth regulators 
as for growth and sporulation studies were tested in order to 
assess their effect on the extent of germination. Respective 
medium was put in the cavity slides for these tests. Observa-
tions were recorded after 24 h of incubation. Under each 
observation 200 counts were made. Average per cent germination 
was calculated and analysed statistically. 
8, Survival and Perpetuation of the Pathogen; 
(i) Role of plant debris;- To determine the role of plant 
debris in the survival and perpetuation of the pathogen, the 
following experiments were conducted: 
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(a) Under laboratory conditions;- Diseased leaves from 
naturally infected rapeseed - mustard plants were collected 
in February and preserved between blotting papers in the 
laboratory for a year. Isolations from this material were 
made periodically for 12 months to determine the viability 
of the fungus. Simultaneously, regular inoculation experi-
ments were conducted to confirm the pathogenicity. 
(b) Under field conditions;- Diseased plant debris kept in 
nylon bags were hurried in the soil at a depth of 10 cm. 
Regular isolations and pathogenicity- tests were carried out 
for one year at monthly intervals to see the longevity of 
the fungus. 
'•O"' 
In another investigation to determine the role of 
plant debris as a primary source of infection, three sets of 
experiments were laid out. In one set, 30 cm pots filled 
with sterilized soil were infested heavily with diseased plant 
debris. In the second set, pots were filled with heavily 
infested soil taken from the diseased fields. Ten surface 
sterilized healthy seeds of B.campestris var, yellow sarson 
(cv. K-88) obtained from disease-free plants were sown in 
these pots. A third set of pots were filled with sterilized 
soil and sown with surface sterilized healthy seeds to serve 
as control. The chances for aerial infection were blocked 
altogether by placing the pots in a glasshouse chamber. Grow-
ing plants were regularly observed for disease development. 
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(ii) Role of seed :- In order to determine the. role of seed 
as carrier of the pathogen, surface unsterilized seeds obtained 
from healthy plants and unsterilized seeds obtained from 
diseased plants were plated in petriplates on PDA. They were 
then incubated at 23*0 (+_2) and examined daily for the appea-
ranee of the pathogen. Another experiment was conducted to 
ascertain if the pathogen is internally or externally seed-
borne. 
Role of seed as the primary source- of infection was 
examined by sowing seeds from diseased plants and healthy 
plants separately in pots filled with sterilized soil. Ten 
seeds were so-.vn in each pot. Treatments were reulicated four 
times. Pots were kept in glasshouse chamber. Observations 
were regularly made to note the infection, if any. 
(iii) Secondary spread of the disease : 
Role of the air-borne inoculum in the secondary 
spread of the disease was ascertained by conducting two sets 
of experiments. In both the sets, surface sterilized healthy 
seeds were sown in sterilized soil contained in pots. Growing 
plants were subjected to hygenic conditions for one month. 
Thereafter, one set was kept covered while the other was left 
as such exposed to free contact of A.brassicae present in the 
air. Both the sets of plants were placed near a naturally 
infected rape seed-mustard field where the disease intensity 
was high. The appearance of the disease was observed 
regularly. 
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9. Host-Age in Relation to Susceptibility; 
In order to find out the most suitable age for infec-
tion, plants of different ages of B.campestris var, yellow 
sarson (cv. K-88) were inoculated by spraying the spore sus-
pension strained through cheese cloth prior to its use. For 
obtaining the plants of different ages, the sowing was 
started from 10th August and continued at an interval of 10 
days upto the end of December, so that the plants in different 
sets of pots might attain ages from 10 days to 140 days in 
the last week of December. Inoculated plants were placed in 
a moist chamber for requisite period (72 h). Final observa-
tions on disease intensity were recorded after 15 days of 
inoculation. 
10, Minimum Period of Incubation in Saturated Atmosphere 
for Successful Infection 
Leaves of one-m.onth-old plants of B.campestris 
var. yellow sarson (cv, K-88) were inoculated by spraying 
spore suspension with an atomizer and incubated in a moist 
chamber for 12, 24, 48, 72 and 96 h, A control was kept. 
Humidity in the moist chamber was maintained near about 
hundred per cent and enough to form a lasting fine film of 
moisture on the leaves. The plants after specified period 
were transferred to glasshouse benches. 
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11, Effect of Atmospheric Temperature and Relative Humidity 
on the Degree of Infection and Disease Development 
The effect of atmospheric temperature and relative 
humidity gn disease development a field experiment was conduc-
ted. Seeds of B.campestris var, yellow sarson (cv. K-88) 
were sown in beds at fortnightly intervals starting from 
1st September in fields. One-month-old plants were inoculated 
•at fortnightly interval starting from 1st October by spraying 
spore suspension in the evening and beds were covered by 
polytnene sheets for 72 h. Uninoculated plants grov/ing in 
separate beds served as control. The daily minimum and 
maximum temperature and relative humidity and rainfall were 
recorded throughout the experiment period. The observations 
on the intensity of disease were recorded after one week of 
inoculations. 
12. Effect of Alternaria Blight on Oil and Protein Content 
of Raoeseed and Mustard 
Samples of diseased and healthy seeds of some cultivar; 
of rapeseed and mustard were analysed in order to assess the 
effect of the disease on oil and protein content. Oii content 
was estimated by the cold percolation method as outlined by 
Kartha and Sethi (1957). Nitrogen content was determined by 
conventional macro KJeldahl's method as described by Piper 
(1950) and the protein was calculated by multiplying the 
nitrogen content by the constant factor 5.25, 
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13. Host Range Studies 
The plants belonging to different families (Table 27) 
were artificially inoculated with A.brassicae for host-range 
studies. In this study, the plants were inoculated during 
their respective growing seasons and inoculation was carried 
out with spore suspension of the fungus in the evening. The 
inoculated plants were kept in moist chamber for 72 h. The 
reaction of different plants to the pathogen was recorded 10 
days after inoculation. 
14o Control Measure Studies : 
Experiments were carried out to explore'the possibility 
of combating Alternaria blight of rapeseed and mustard caused 
by A.brassicae. This included screening for resistant varieties 
and finding out the chemicals which might considerably reduce 
or check the disease. 
(i) Screening of cultures/varieties for resistance; 
Response of various cultures/varieties of the following 
rapeseed and mustard crops were observed under natural condi-
tions in the field. 
1. Brassica campestris var. toria (Toria) 
2. P.campestris var. labia (Labia) 
3. B.campestris var, yellow sarson (Yellow sarson) 
»^ B.campestris var, brown sarson (Brown sarson) 
5. Brassica juncea (Rai) (Singh,1958). 
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This study included the cultures and varieties (Table 
28-32) being tried by the Oilseed Section of C.S.A. University 
of Agriculture and Technology, Kanpur as well as cultures and 
varieties of Initial Evaluation Trial, Co-ordinatei Varietal 
Trial, National Evaluation Trial, State Varietal Trial and 
Preliminary Yield Trial (Tables 33-35) being conducted by 
the C.S.A. University of Agriculture and Technology, Kanpur, 
The culture/varieties found free, resistant or moderately 
resl'-'tant un .er field conditions were subcequently tested 
unaer artificial conditions of inoculation in the glaahouse^ 
For this study, plants of each culture/varieity wer2 raised 
from surface sterilized seeds in autoclaved soil contained 
in dry pots of 30 cm. Forcy-day-olo plants were inoculated 
with A.brassicae an.' reactions of different cultures/varieties 
v/ere noted a week after inoculation. 
The cultures/varieties of the field studies and those 
in artificial inoculation study were graded in various 
categories of resistance and susceptibility of the basis of 
leaf area affected (disease intensity) as follows:-
Grade Disease intensity 
Free (F) No infection 
Resistant (R) 1-3 per cent 
Moderately 
resistant (MR) k-^0 per cent 
Moderately 
susceptible (MS) 11-25 per cent 
Susceptible (S) 26-40 per cent 
Highly 
susceptible (HS) Above kO per cent 
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(ii) Chemical control; Efficacy of various chemicals belonging 
to different groups was tested by following experiments: 
(a) Screening of fungicides in laboratory; 
Relative efficacy of 18 fungicides was studied first 
under laboratory conditions. The efficacy was judged from the 
extent of their inhibitory effects on the growth of the fungus oi 
PDA. 
The following fungicides were used in the study. 
Dithiocarbamate compounds 
1. Dithane M-45 (80 per cent zinc + manganese ethylene 
bisdithio-carbamate) 
2. Dithane Z-78 (Zinc ethylene bisdithio-carbamate). 
3. Bis-dithane (80 per cent manganese and zinc salt of 
dithiocarbamate), 
A, Ziram (cuman) (80 per cent Zinc dimethyl dithiocarbamate) 
5o Antracol (70 per cent Zinc (N,N-propylene-1 , 
2-bisdithiocarbamate). 
Systemic compounds 
6. Benlate/benomyl (methyl 1-(butyl-carbamoyl Benzimidazola-
2-yl-carbamate). 
Tin compounds 
7. Outer (Triphenyl tin oxide). 
8o Brestan-60 (Triphenyl tin-acetate). 
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Heterocyclic compounds 
9. Flit 406 (N-trichloromethyl mercapto-4, cyclohexene-1, 
2-dicarboximide)* 
Organic mercury compounds 
10. Agrosan GN (Phenyl mercury acetate-ethyle mercury 
chloride). 
11. Ceresan (2-raethoxy ethyl mercury chloride). 
Organic sulphur compounds 
12. Thiram (Bis (dimethyl thio carbamoyal) disulphide). 
13. Cosan (colloided wettable sulphur (Ethyl mercury 
chloride)o 
Crotonate compound i 
14. Karathane (Mixture of 2(1-methylheptyl)-4,6-dinitrophenol 
and 2-(1-methyl heptyl)-4,6-dinitrophenyl cronate. 
Inorganic copper compounds 
15o Copper sandoz (Cuprous oxide). 
16, Blitox (50 per cent copper in copper oxychloride). 
Halogenated organic compounds 
17,, Brassicol (75 W.P. (Penta-chloronitrobenzene). 
18o Difolatan - 80 W.P. N-(1,1,2,2, tetra chloroethyl 
sulfenyl cis-4, cyclohexene-1, 2-dicarboximide). 
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Poison food technique (Schinitz,1930) was applied for 
screening the fungicides. The test fungicides were incorpora-
ted in 2 per cent warm unsolidified PDA which was shaken well 
to make it homogenous. Media were then poured into 90 mm 
sterilized petriplates keeping four replicates for each treat-
ment. A separate check without fungicide was also maintained. 
After inoculation and incubation at 23°C (+;2) for 10 days, the 
fungus colony was measured. The per cent inhibition over 
control was calculated by the following formula: 
Per cent inhibition _ C - T ^QQ 
over control ~ C 
where, 
C = Growth of fungus in control 
T = Growth of fungus in treatment. 
The fungicidal action was determined in those fungi-
cides which completely inhibited the growth of the pathogen 
in the test. This was done by transferring mycelial disc on 
normal potato dextrose agar to see whether or not the fungus 
resumes its growth. The fungicides were categorised as fungi-
cidal or fungistatic wherein there was no growth or revival of 
growth respectively. 
(b) Evaluation of fungicide for seed treatment; 
The fungicides found effective in laboratory evaluation 
were employed for seed treatment. Naturally infected seeds 
of B.campestris var. yellow sarson (cv, K-88) were treated with 
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the fungicides. Thorough seed dressing was achieved by-
shaking the seeds with fungicides in the plugged flasks on 
a mechanical shaker for 20 minutes. A set of two pots each 
sown with 20 treated seeds was worked as unit pot and each 
treatment was replicated five times. These seeds (200) were 
sown in pots containing sterilized soil for each fungicide keep 
ing a separate set of untreated seeds as control. Observa-
tions on the pre-emergence and post-emergence loss of seed-
lings were recorded. 
(c) Evaluation of fungicides under field conditions; 
The fungicides found effective against A.brassicae 
in vitro were tested for controlling the disease under field 
conditions by foliar application. For this study, a trial 
was conducted in randomized block design with four replications 
using a susceptible cultivar (e.g. K-88). The plot.size of 
each treatment was 5 x 3 m and row to row and plant to plant 
distance was 50 and 15 cm respectively. The first spray of 
fungicides was given as soon as the disease was observed in 
the experimental plots followed by 2 more applications at 
an interval of 12 days. The data on disease intensity were 
recorded a week after the last spray. The yield per hectare 
was also recorded. 
The fungicide which emerged as best in its performance 
for controlling the disease and increasing the yield, was 
tried in a field trial to work out the economics during 1985-86 
52 
Tne trial was conducted in randomized block design with four• 
replications. The seeds of B.campestris var. yellow sarson 
(cv. K-88) were sown in plot size of 5 x 3 m. The spraying 
of Dithane M-45 (best fungicide) was given. The treatments 
were as follows: 
1. 4 sprays at 30,45,60 and 75 days after sowing (T1) 
2. 3 sprays at 45,60 and 75 days after sowing (T2) 
3. 2 sprays at 60 and 75 days after sowing (T3) 
4. 1 spray at 30 days after sowing (T4) 
5. 1 spray at 45 days after sowing (T5) 
6. 1 spray at 60 days after sowing (T6) 
7. 1 spray at 75 days after sowing (T7) 
8. Control (fungicide free) (T8) 
The data on disease intensity and yield were recorded 
and cost of spray, cost of produce and net profit were calcu-
lated. 
Disease intensity : 
The disease intensity as mentioned, for the experiments 
like host-age in relation to susceptibility, determination of 
minimum period of incubation in saturated atmosphere for 
successful infection, effect of atmospheric temperature and 
relative humidity on the degree of infection and disease deve-
lopment, screening of cultures/varieties for resistance and 
evaluation of fungicides under field conditions in the 
preceding pages was determined on the basis of average leaf are 
affected. This was calculated according to the following 
method. 
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A large number of leaves with varying stages of 
infection were collected from heavily infected fields. These 
leaves were first pressed and dried between sheets of blott-
ing paper. With the help of planimeter, the total area of 
a particular leaf as well as its total diseased area were 
determined and represented in terms of percentage leaf area 
affected (percentage disease intensity). The leaves v/ere 
then arranged in six groups showing different intensifies of 
the aisease viz., 3, 10, 25, 40 and greater than 40 per cent 
and a score chart (Fig,1) was prepared accordingly. With the 
help of this score chart, per cent intensity of the disease 
was determined by collecting leaf samples randomly from a 
plot or pot in different experiments and they were placed in 
different categories by comparing the different intensities 
as illustrated in the score chart. The average percentage 
disease intensity was calculated by the following formula: 
Average percentage Na Q+Nb 3+Nc 10+Nd 25+Ne 40+Nf abovg 40 
disease intensity Na + Nb + Nc + Nd + Ne + Nf 
where Na, Nb Nf indicate the number of leaves in the 
different categories of infection given in the score chart. 
The number of leaves of each group were multiplied with the 
percentage of infection on the score chart. Then all the 
group values were summed up and this total was divided by 
100 (the total number of leaves taken in a sample). The 
quotient represented the percentage intensity of the disease. 
ss 
Fig,2. Healthy and Diseased seedlings of Brassica 
campestris var, yellow sarson (cv, K-88) 
H = Healthy, 
D = Diseaseded^showing daraping-off symptoms. 
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RESULTS 
1, Symptoms of the Disease on Infected Plant Parts in Field 
The symptoms of the disease in the field plots became 
visible at the time of emergence of seedlings, Damping-off 
of seedlings was observed occassionally in the field (Fig.2), 
Healthy seedings that emerged and survived became infected, 
later on,Lower leaves were infected first. Symptoms appeared 
on the upper leaves later. Symptoms were observed on stems 
and pods also. On the leaves spots were circular, zonate, 
light brown to dark brown measuring 0J5-12,0 mm in diam. with 
concentric rings, sometimes coalescing to each other (Figs.3, 
4,5). The spots were oblong or linear and shunken on midrib 
of the leaves whereas they were in the form of lesions, circula 
dark brown and black on the pods. As the disease progressed, 
several lesions coalesced and tended to cover large areas of 
leaves and pods, resulting in their eventual death. Several 
elongated lesions were also observed on stems which developed 
black sooty colour as they enlarged (Fig,6). 
2, Isolation of the Pathogen and Pathogenicity Test 
A number of isolations were made from diseased leaves 
of rapeseed and mustard cultivars to obtain . the pure culture 
of Alternaria brassicae. The isolates were found to be 
morphologically similar. Single conidial cultures of the 
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Fig.l, Score chart showing percentage disease intensity. 
FIG. 2 
57 
Figo3. Healthy and diseased leaves of Brassica 
campestrls var, yellow sarson (cv. K-88) 
H = Healthy, D = Diseased 
Fig,4. A single enlarged spot showing concentric 
rings. 
FIG. 3 
FIG.4 
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Figo 5.1 and 5.2 Different sizes of spots developing 
on the leaves of Brassica campestris 
var. yellow sarson (cv. K-88). 
S = Spot 
Fl G.5.1 
FIG.5.2 
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Fig,6o Infected pods and stems of Brassica campestrls 
var, yellow sarson (cv, K-88) with A.brasslcae 
" ' * ^ ^ ' ' - ' " ' - ' • ' * ' • • 
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fungus were, therefore, utilized in all the studies. During 
pathogenicity tests,it was observed that after 72 h of 
inoculation, the characteristic symptoms of the disease 
started appearing on the leaves. Symptoms of the disease as 
observed in the -field, appeared on the inoculate^! plants of 
rapeseed (B.campestris var, yellow sarson ) cv, K-88 in the 
glasshouse also. The disease appeared with small brown 
spots later becoming lighter in the centre with dark coloured 
margins. The spots increased in size, became circular with 
a number of concentric rings (Fig.7). In the centre, the 
spots became thin, translucent and papery with borders 
slightly raised. The centre of some of the spots fell off 
and gave it a shot-hole appearance. In advanced stages, 
spots coalesced to become larger in size. 
Re-isolations of the fungus from artificially inoculatec 
leaves were made on PDA and it was found that the fungus was 
the same species of Alterc^r^.which was isolated from the 
naturally infected plants and used for inoculation. Thus, 
the pathogenicity was confirmed according to Koch's postu-
lates. 
Pathogenicity tests, as stated above, were done to 
ascertain that the isolate of Alternaria under study was 
able to cause the leaf blight disease of rapeseed and 
mustard. 
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Fig.7. Spots on an artificially inoculated diseased 
leaf of Brassica campestris var, yellow sarson 
(cv. K-88). 
S = Spots 
FIG.7 
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3. Cultural and Morphological Characters of the Pathogen 
The pathogen was grown on 12 different natural and 
synthetic liquid and solid media as mentioned in materials 
and methods. Growth, sporulation and cultural and morpholo-
gical characters were recorded after 10 days of incubation 
at 23»C (+2). 
(i) Solid media :- Growth and sporulation studies 
were undertaken in the solid states of the 12 aforementioned 
media (Table 1), Data on linear growth and sporulation of 
the pathogen were recorded, 
A perusal of the results summarized in Table 1 reveals 
a marked variability amongst the media with respect to growth 
an'i sporulation of the pathogen. Highest growth was obtained 
on potato dextrose agar which was significantly greater than 
the growth in all the media tested. Richard's agar medium 
was the next in the ol^ der. Fungal growth in Kirchoff's agar 
and mustard leaf extract agar were at par. Growth in mustard 
leaf extract agar and Sabouraud's agar differed significantly. 
There was no significant difference in growths obtained in 
malt extract agar and potato dextrose asparagine agar or in 
potato dextrose asparasine agar-and oat-meal agar. Fungal 
growths obtained in oat-meal agar, Czapek's agar, Brown's 
starch agar, Asthana and Hawker's agar and corn-meal agar 
were in descending order. The least growth was recorded on 
corn-meal agar. 
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Table 1• Growth and sporulation of Alternarla 
brassicae on different solid 
Medium 
Potato dextrose agar 
Richard's agar 
Kirchoff's agar 
Mustard leaf extract 
Sabouraud's agar 
Malt extract agar 
agar 
Potato dextrose asparagine 
Oat-meal agar 
Czapek's agar 
Brown's starch agar 
Asthana and Hawker's 
Corn-meal agar 
L.S.D. (P= 0.05) 
L.S.D, (P= 0.01) 
agar 
Diameter 
of 
colonies 
(mm) 
70,75 
65o75 
57.00 
55.25 
48,25 
45.00 
agar 43.00 
41,25 
35.25 
31.00 
29o00 
25.50 
3.20 
4.30 
media. 
Sporula-
tion 
++++ 
++++ 
++++ 
++++ 
+++ 
++++ 
++++ 
-
+++ 
++ 
+++ 
++ 
Sporulation was excellent on potato dextrose agar,. 
Richard's agar, Kirchoff's agar, mustard leaf extract agar, 
malt extract agar and potato dextrose asparagine agar media, 
Good sporulation was on Sabouraud's agar, Czapek's agar and 
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Asthana and Hawker's agar media. It was fair on Brown's 
starch agar and corn-meal agar. These was no sporulation 
on oat-meal agaro 
(ii) Liquid media:- The pathogen was also grown on 
different liquid media and the obseirvations on growth and 
sporulation were recorded. The data presented in Table 2 
show that all the media varied significantly in their effect 
on growth of the pathogen. The dry weight was the highest 
on Kirchoff's miedium which was found, to be significantly 
superior to all the media tried. It was followed by 
Richard's medium in which the growth was significantly 
higher than in the remaining media. Growth of the pathogen 
was also good on mustard leaf extract, Sabouraud's,Czapek's, 
Brown's starch, potato dextrose asparagine, malt extract, and 
potato dextrose media in descending order. The differences 
in growth on these media were significant. There was poor 
fungal growth on corn-meal and Asthana and Hawker's media. 
The least growth was recorded on oat-meal. 
Sporulation was excellent on Kirchoff's, Richard's, 
mustard leaf extract, potato dextrose asparagine, malt 
extract and potato dextrose, and good on Sabouraud's 
Czapek's and Asthana and Hawker's and fair on Brown's starch 
corn-meal and oat-meal media. 
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Table 2, Growth and sporulation on Alternaria 
brassicae on different liquid media. 
/ 
Medium 
Kirchoff's 
Richard's 
Mustard leaf extract 
Sabouraud's 
Czapek's 
Brown's starch 
Potato dextrose asparagine 
Malt extract 
Potato dextrose 
Corn-ipeal 
Asthana and Hawker's 
Oat-meal 
L.S.D. (P = 0.05) 
L.S.D. (P = 0.01) 
Dry 
mycelial 
weight 
(mg) 
342.00 
332.22 
306.11 
299.45 
265.60 
241.56 
227.82 
219.25 
203.32 
193.29 
157.78 
109.72 
4.52 
6o07 
Sporula-
tion 
++++ 
++++ 
++++ 
+++ 
+++ 
++ 
++++ 
++++ 
++++ 
++ 
+++ 
++ 
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(iii) Selection of basal medium;- Most of synthetic 
media and some of the natural media supported better vegeta-
tive and reproductive growth of the pathogen. However, 
natural liquid media could not be selected as basal liquid 
medium for further studies because of their unknown precise 
chemical constituents. Kirchoff's liquid medium on which 
highest growth and excellent sporulation were obtained was 
selected as the liquid basal medium for further studies on 
the pathogen. Amongst solid media, however, a natural medium, 
potato dextrose agar, the medium which was found best for 
growth and sporulation of the pathogen, was selected as 
solid basal medium. 
(iv) Cultural characters of the pathogen;- In addition 
to those mentioned above, various other cultural characters 
of the fungus grown on the solid media were examined and 
recorded (Table 3). 
Results of cultural characters demonstrated that 
potato dextrose agar (PDA) had the best colony development 
followed by Richard's agar and Kirchoff's agar media. In 
general, the aerial mycelium was loose, colonies were cob-web 
like, submerged with radiate to curly growth in most of the-
media. The shape of the colonies was usually circular, 
compact very rarely irregular and thin, the colour varied 
from colourless to deep greyish olive to dark olive. Besides 
visual observation of colony characters on different cultural 
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Table 3. Cultural characters of Alternaria brass!cae 
as observed on different solid media. 
Medium Colony characters 
Potato dextrose 
agar 
Colony circular, growth very thick and 
compact, aerial mycelium loose, cottony, 
cob-web like, brown colour with rings 
of thick conidial patches, curly sub-
merged mycelium, reverse brown. 
Richard's agar Colony circular, raised and profused 
mycelial growth with concentric rings, 
colony dark olivaceous on surface, 
reverse iron-grey. 
Kirchoff's agar Colony circular, growth compact, aerial 
mycelium usually loose sometimes dense, 
cottony with thick rings of conidial 
patches, light olive grey to dark olive 
grey, reverse dark brown. 
Mustard leaf 
extract agar 
Colony circular, loose cottony mycelial 
growth with rings of conidial patches, 
curly submerged, mycelium colourless 
to pale smoke grey to pale drab grey, 
reverse olive grey. 
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Table 3. (contd.) 
Medium 
Sabouraud's agar 
Malt extract agar 
Colony characters 
•Colony circular, thin growth with creep-
ing hyphae, whitish in the centre without 
zonation, deep olive to dark olive grey, 
reverse olive grey. 
Colony circular, growth compact, aerial 
mycelium loose, cottony, cob-web like, 
with rings of conidial patches, submerged 
mycelium radiate to curly in growth, 
deep greyish olive to dark olive* reverse 
dark brown. • 
Potato dextrose 
asparagine agar 
Oat-meal agar 
Czepek's agar 
Colony irregular, mycelial growth compact, 
without zonations dark olive grey to 
olivaceous black at surface, reverse 
metal brown. 
Colony circular, growth poor, cottony 
without zonations, surface dark neutral 
grey, reverse slate grey. 
Colony circular, thin creeping mycelial 
growth, fluffy to dense cottony with 
zonations, olivaceous in colour, reverse 
brown. 
Table 3. (contd.) 
Medium 
Brown's starch 
agar 
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Colony characters 
Colony circular, thin superficial growth 
with scanty mycelium, concentric annu-
lation of the conidial growth pronounced, 
olivaceous grey in colour, reverse 
sorghum brown. 
Asthana and 
Hawker's agar 
Corn-meal agar 
Colony circular, growth compact, aerial 
mycelium loose, cottony, colourless 
with patches of conidia and scattered 
over the culture,no zonation, deep 
olive to dark olive grey, reverse neutral 
grey. 
Colony circular, growth very poor, 
mycelium superficial and scanty without 
zonation. Surface whitish brown, 
reverse dark brown. 
media, microscopic study of characters of different fungal 
structures was also done and their dimensions were measured-
(Table A). 
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4, Identification of the Pathogen 
The taxonomy of any fungal species is primarily based 
on morphological characteristics. With this point in view, 
the following characteristics on different structures of 
the fungus cultured on PDA were observed and recorded. 
Mycelium - septate, branched, thin and smooth, hyaline 
to olive buff, deep olive buff to 4ark olive buff; hyphae -
3,6-6,5/-Awide; conidiophores - simple, septate (0-7), amphi-
genous with slightly swollen base and rounded apices, 
unbranched, erect, geniculate with a prominent scar at each 
geniculation, 35.6-171#5^in length, olive brown, formed 
singly either as side branch or terminally on the hyphae; 
conidia - with great morphological variability, obclavate to 
obpyriform with ovate outline, elongated, long beaked, olive 
buff with a s.mooth surface, 75-350 x 10-43 ^l^ with beak about 
1/3 to 1/2 of the length of the spore body and 4-8 -^ in width, 
mostly 11-15 cross septa and 0-3 vertical septa constricted 
by septa. 
On host, conidia were formed singly whereas in culture 
they were formed in chain of mostly two, rarely three. The 
beaks measured 8-14.5 x 4-8 Xt „ Conidia were provided with 
0-8 transverse septa and sometimes with 1-2 scars. 
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There are three known species of Alternaria viz., 
A.brassicae (Berk.) Sacc, A.brassicicoXa Wilt, and 
A.raphani Groves and Skolko which are pathogenic on oleife-
rous species of Brassica. These can be distinguished by 
their spore size as well as by the symptoms produced on the 
host plants. Findings of the present investigation together 
with observations of earlier studies made by a number of 
authors are summarized in Table 5. 
It is evident from Table 5 that the morphology of 
the fungus under present study was similar with that of 
A.brassicae studied by Groves and Skolko (19^4), Neergaard 
(1945), Wiltshire (19A7) and Joly (I963). Therefore, on the 
basis of morphological characters, the present fungus has 
been identified as Alternaria brassicae (Berk.) Sacc. 
5, Effect of Various Factors on Growth and Sporulation of 
the Pathogen 
. Studies were conducted to find out the relative 
influence of the following factors on growth and sporulation 
of the pathogen, A.brassicae. 
(i) Temperature;- The pathogen was grown in the 
basal liquid medium at various temperatures ranging from 
5 to 30*0 and its growth and the sporulation were recorded 
at the end of the incubation period. 
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The data presented in Table 6 reveal that growth of 
the pathogen occurred at all the temperatures from 5 to 30*C, 
Temperatures between 21 to 30"^ C appeared to be optimal range 
for the fungal growth. The temperature, 23*0 proved to be 
the best with regard to growth and sporulation. The growth 
obtained at 23'*C was significantly greater than growths 
obtained at all the temperatures. Next best temperature was 
25*'C which was also significantly superior to rest of the 
temperatures. Poor growth was observed at 5,10 and 30®C, 
It is noteworthy that the growth diminished with an increase 
or decrease in temperatures higher or lower than 23*'C, It 
was visually observed that colonies were quite thick at 
temperature range of 23 to 25*'C but thinner out of this 
temperature range. 
Table 6. Growth and sporulation of Altemaria 
brassicae recorded after incubation 
at different temperatures. 
Temperature 
(«C) 
Dry mycelial weight 
(mg) 
Sporulation 
5 
10 
15 
21 
21> 
25 
2Q 
30 
L.S.D, 
L.S.D. 
(P -
(P •= 
0, 
0. 
.05) 
.01) 
3.91 
14.63 
77o23 
285.39 
.362.80 
320.64 
182.53 
48.17 
10.93 
15.07 
+ 
++ 
+++ 
++++ 
++++ 
++ 
+ 
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Sporulation generally followed the trend of mycelial 
growth. Better growth was accompanied with higher sporula-
tion. It was excellent at 23 and 25*^ 0 and good at 21 *C, fair 
at 15 and ZS'C and poor at 10 and 30*C. There was no sporu-
lation at 5**Co 
(ii) Light :- Effect of different light intensities 
on the vegetative and reproductive growth of the pathogen on 
PDA was studied (Table 7). 
Table 7. Growth and sporulation of Alternaria 
brassicae at different light intensities. 
Treatment Diameter of colonies 
(mm) 
Sporulation 
Alternate light 
and darkness 
Complete dark-
ness 
Continuous light 
L,S.D, (P = 0.05) 
L.S.D, (P = 0.01) 
72.63 
57.00 
45.16 
4,41 
6.10 
++++ 
++ 
77 
The light influenced the growth and sporulation of 
the pathogen. Highest growth was observed in the set of 
petriplates exposed to alternate light and darkness. In 
this set, the growth was significantly greater than in 
other sets. Growth in the set kept in complete darkness 
was significantly better than in the set kept in continuous 
light. 
Sporulation was excellent in the set exposed to 
alternate light and darkness; fair in the set kept in 
continuous light; and poor in the set kept in complete dark-
ness (Table 7). 
(iii) Relative humidity;- The observations on growth 
and sporulation of the pathogen on PDA were recorded at 
different levels of relative humidity. Results exhibit that 
level of relative humidity was directly correlated with the 
growth of the pathogen. Growth occurred at all the relative 
humidity levels tried. Least growth occurred at 30 per cent 
relative humidity. Increase in relative humidity, corres-
pondingly accelerated its growth. Highest growth was 
observed at 100 per cent relative humidity. It was closely 
followed by 97 per cent. However, this difference in the 
growth was not significant. The growth at 95, 93, 88, 85, 
78, 72, 62 and 52 per cent relative humidity levels were in 
descending order. The growth at 88 and 85 per cent relative 
humidity levels were at par and'but at the remaining levels, 
growths were significantly diffa^^SpfS^^^^S^jther (Table 8), 
Table 8, Growth and sporulation of Alternaria 
brasslcae recorded after incubation 
at various relative humidity levels. 
Relative Diameter of Sporulation 
humidity colonies ^ 
(mm) 
78 
30.0 
52.0 
62o0 
72o0 
78.0 
85.0 
88.0 
93.0 
95oO 
97.0 
100.0 
L.S.D, 
L.S.D. 
(P = 
(P = 
0, 
0, 
.05) 
.01) 
3.00 
13.00 
3I0OO 
44.00 
57.75 
71.00 
, 73.25 
80.25 
88,00 
92.50 
95.00 
4.60 
6.15 
+ 
++ 
++ 
+++ 
+++ 
+++ 
++++ 
A similar trend was obtained in sporulation. It 
was excellent at 100, 97 and 95 per cent. Good sporulation 
was observed at 93» 88 and 85 per cent and fair at 78 and 72 
per cent relative humidity levels. Poor sporulation was 
noticed at 62 and 52 per cent levels. At 30 per cent 
relative humidity, there was no sporulation (Table 8). 
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(iv) Hydrogen-ion concentration:- The influence of 
different hydrogen-ion concentr&tions on growth and sporula-
tion of the pathogen in the basal liquid medium was inves-
tigated. 
It is apparent from the data that the pathogen grew 
at all pH levels tested. Highest growth occurred at pH 6,5. 
Its growth at 2,9 and 9.2 pH levels was lowest. The varia-
tions in growth of the pathogen at all the pH levels were 
significantly different from each other except the difference 
in growths at 2,9 and 9,2 pH levels. Growth at pH 5,5» 6,0 
and 7,0 pH levels was also good but was lower than at pH 6,5. 
The growth of the pathogen gradually increased with increas-
ing pH levels till it reached its highest at 6o5 pH, Further 
increase in the H-ion concentration, tended to arrest its 
growth (Table 9). 
More or less a similar trend was observed for sporula-
tion. It was at its peak at 6,5 and 6,0 pH levels. The 
sporulation was good at 5oO, 5.5, 7oO and 7,5 while it was 
fair at 4,5 and 8,0 pH levels. Poor sporulation was recorded 
at 3.5, 4,0 and 8,5 pH levels. There was no sporulation at 
2,9 and 9.2 pH levels (Table 9). 
It thus emerged that 6o5 is the optimum pH for 
mycelial growth and sporulation of the pathogen. 
30 
Table 9o Growth and sporulation of Alternaria 
brassicae at various pH levels. 
pH level Dry mycelial weight Sporulation 
(mg) 
2,9 
3.5 
4cO 
Ao5 
5.0 
5.5 
6oO 
6.5 
7oO 
7.5 
8,0 
8o5 
9o2 
L.S.D. 
L.S.D. 
(P = 
(P = 
0.05) 
0.01) 
5o71 
25.69 
44.41 
89.17 
109.45 
215o90 
311.05 
387.51 
287064 
109.05 
51o25 
19.49 
2o59 
3.82 
5.16 
+ 
+ 
++ 
+++ 
+++ 
++++ 
++++ 
•f++ 
+++ 
++ 
+ 
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5, Effect of Different Nutrient Sources on the Growth and 
Sporulation of the Pathogen 
Pathogenic fungi usually exhibit certain degree of 
specificity in utilizing various nutritional substances for 
their growth and sporulation. Suitability of diverse kinds 
of nutritional sources for the pathogen as judged on the 
basis of its mycelial growth and sporulation was studied. 
(i) Carbon;- In order to find out the effect of 
various carbon sources on growth and sporulation of A.brassicae 
the basal liquid medium was substituted with different carbon 
sources and the pathogen was cultured. The observations 
made are summarized in Table 10. 
In general, all the carbon sources favoured the growth 
of the pathogen in comparison to control (carbon free). 
Starch was significantly superior to all the sources. It 
was followed by cane sugar and sucrose which were signifi-
cantly superior to rest of the sources. Growth in cane sugar 
was, however, significantly greater than sucrose at P = 0,05 
but at P = 0,01 the difference was not significant. The 
fungal growth was in descending order on D-glucose, dextrin, 
D-galactose and differences in growth were significantly 
different. Although D-mannitol and lactose were at par but 
lactose and sorbitol differed significantly from each other. 
Growths in sorbitol and maltose and in maltose and glycerol 
were also not significantly different but sorbitol was 
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significantly superior to glycerol at P=0.05o Minimum growth 
of the pathogen was found on glycerol.' 
Sporulation also occurred in all the carbon compounds. 
It was excellent on starch, cane sugar and sucrose and good 
on D-glucose, dextrin, D-galactose and lactose. On D-mannitol 
and maltose sporulation was fair but poor on sorbitol and 
glycerol (Table 10). 
Table lOo Effect of different carbon sources on 
growth and sporulation of Alternaria 
brassicae. 
Carbon source 
Starch 
Cane sugar 
Sucrose 
D-glucose 
Dextrin 
D-galactose 
D-mannitol 
Lactose 
Sorbitol 
Maltose 
Glycerol 
Control (carbon 
free) 
L.S.D. (P= 0.05) 
L.S.D. (P= Oo01) 
(mg) 
395o18 
335.10 
324.27 
306098 
279.00 
250.01 
214,38 
212.74 
185.63 
180.03 
175.71 
23.49 
9»66 
12.96 
Sporu la t ion 
++++ 
++++ 
++++ 
+++ 
*+•*• 
+++ 
++ 
+++ 
•¥ 
++ 
•f 
•f 
Starch was thus the best carbon source for growth and 
sporulation of the pathogen. 
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(ii) Nitrogen;- Effect of various nitrogen sources 
on growth and sporulation of the pathogen was also studied. 
A perusal of Table 11 indicates that there was a 
marked variability amongst the various sources with respect 
to their effect on growth and sporulation. The highest 
growth was recorded in peptone which was significantly-
superior to all the nitrogen sources. Next best compound 
was sodium nitrate. In descending order, the growth of the 
pathogen was on potassium nitrate, magnesium nitrate, ammonium 
nitrate, ammonium dihydrogen phosphate, thio-urea, ammonium 
sulphate. The differences in growth were also significantly 
different from each other. The least growth was observed 
on ammonium raolybdate. The differences in the growth of the 
pathogen on ammonium phosphate and ammonium chloride or 
ammonium chloride and urea did not differ significantly. 
Calcium nitrate, ammonium oxalate and ammonium molybdate 
supported poor growths but were significantly superior over 
control (nitrogen free). 
Table 11, Effect of different nitrogen sources on 
growth and sporulation of Alternaria 
brassicae. 
Nitrogen source Seight^ Cmg^ ''" Sporulation 
Peptone 
Sodium nitrate 
Potassium nitrate 
Magnesium nitrate 
393e12 
332.17 
285.46 
236.84 
++++ 
++++ 
++++ 
+++ 
Table 11 (contd.) g| 
Nitrogen source 
Ammonium nitrate 
Dry mycelial 
weight (mg) 
Ammonium dihydrogen phosphate 
Thio-urea 
Ammonium sulphate 
Ammonium phosphate 
Ammonium chloride 
Urea 
Calcium nitrate 
Ammonium oxalate 
Ammonium molybdate 
Control (Nitrogen free) 
L.S.D. (P = 0.05) 
L.S.D. (P = 0.01) 
215.55 
192.33 
168,21 
153.40 
143.42 
138.23 
133.96 
124,35 
118.14 
113.51 
55.01 
6.00 
8.01 
Sporulation 
+++ 
+ 
-
++ 
++ 
+ 
+ 
+++ 
+ 
+ 
-
There was no clear correlation between fungal growth 
and the extent of sporulation. Sporulation of the pathogen 
was excellent on peptone, si)dium nitrate and potassium nitrate 
and good on magnesium nitrate, ammonium nitrate and calcium 
nitrate and it was fair on ammonium sulphate and ammonium 
phosphate. Poor sporulation was on ammonium dihydrogen 
phosphate, ammonium chloride,urea, ammonium oxalate and 
ammonium molybdate. There was no sporulation on thio-urea. 
It is noteworthy that though the pathogen made some mycelial 
growth even without the aid of nitrogen , it failed to sporu-
late. 
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It is thus evident that out of the nitrogen sources 
tested, peptone was the best nitrogen source for growth and 
sporulation of the pathogen. 
(iii) Amino acids;- Response of the pathogen to 
different amino acids added in "the basal medium was studied. 
The data on growth and sporulation were recorded. 
Out of nine amino acids tested,DL-threonine induced 
significantly highest mycelial growth. It was superior to 
all. Next best amino acid was DL-valine. The growth in it 
significantly differed from all. Rest of the amino acids 
viz., L-cystine, L-proline, L-iso-leucine, Beta-alanine, 
DL-aspartic acid, glycine and L-tyrosine supported growth 
in descending order and the differences in growth were 
significant. Minimum growth was seen on L-tyrosine (Table 12), 
Table 12. Influence of amino acids on growth and 
sporulation of Alternaria brassicae. 
Amino acid Dry mycelial 
weight (mg) Sporulation 
DL-threonine 
DL-valine 
L-cystine 
L-proline 
L-iso-leucine 
Beta-alanine 
DL-aspartic ac 
Glycine 
L-tyrosine 
Control (with 
L.S.D. (P = 0, 
L.S.D. (P = 0. 
Did 
asparagine) 
.05) 
.01) 
394o11 
342.30 
279078 
219.72 
206.25 
184.86 
155.41 
126.48 
120.00 
203.21 
6.30 
8.49 
•f+++ 
++++ 
++++ 
++++ 
-••++ 
++ 
+ 
+ 
+ 
++++ 
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Sporulation was excellent in amino acids like DL-thre-
onine, DL-valine, L-cystine and L-proline. They enhanced 
the mycelial growth but failed to vary from control in which 
excellent sporulation was found. Sporulation was good on 
L-iso-leucine and fair on Beta-alanine and poor on DL-aspartic 
acid, glycine and L-tyrosine (Table 12). 
Keeping in view both the mycelial growth and the 
extent of sporulation, amongst the amino acids tested, 
DL-threonine-was rated as the best for the pathogen, 
(iv) Phosphorus;- Observations on the influence of 
different phosphorus sources on the growth and sporulation 
.of the pathogen indicated that dibasic potassium phosphate 
was the best and significantly superior to all the sources 
of phosphorus tested. Next best performance was recorded 
for potassium dihydrogen phosphate. Both of these compounds 
were significantly different from each other. The fungal 
growths recorded on tribasic potassium phosphate, monabasic 
potassium phosphate, sodium dihydrogen phosphate, ammonium 
phosphate, disodium hydrogen phosphate, calcium phosphate 
and potassium phosphate were in descending order. All 
these compounds were significantly different amongst them-
selves. Minimum mycelial growth was on potassium phosphate 
(Table 13). 
A similar trend in sporulation was observed as for 
growth. Sources supporting luxuriant growth induced abxindant 
spore development. Excellent sporulation of the pathogen 
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Table 13o Effect of different phosphorus compounds 
on growth and sporulation of Alternaria 
brassicae. 
Phosphorus compound 
Dibasic potassium phosphate 
Potassium dihydrogen phosphate 
Tribasic potassium phosphate 
Monobasic potassium phosphate 
Sodium dihydrogen phosphate 
Ammonium phosphate 
Disodium hydrogen phosphate 
Calcium phosphate 
Potassium phosphate 
Control (phosphorus free) 
L.S.D. (P = 0.05) 
L.S.D. (P = 0.01) 
Dry mycelial Sporula-
weight (mg) tion 
388,09 
361o19 
3IO08I 
282e19 
240c48 
219.27 
211,57 
183.00 
160,71 
22,43 
4 ,47 
6,02 
++++ 
++++ 
++++ 
+++ 
+++ 
++ 
++ 
+ 
+ 
-
was found on dibasic potassium phosphate, potassium dihydrogen 
phosphate and tribasic potassium phosphate. Sporulation 
was good on monobasic potassium phosphate and sodium 
dihydrogen phosphate and fair on ammonium phosphate and 
disodium hydrogen phosphate. Poor sporulation was on calcium 
phosphate and potassium phosphate (Table 13). 
The foregoing results indicate that dibasic potassium 
phosphate was the best of all the phosphorus sources tried 
for vegetative and reproductive growth of the pathogen. 
8^ 
(v) Sulphur;- The observations on effect of different 
sulphur sources on- growth of the pathogen and its sporulation 
given in Table 14 show that the highest mycelial growth of 
the pathogen occurred in the medium containing potassium 
sulphate. It was significantly superior to all. Next best 
source was magnesium sulphate which was also significantly 
Table 14, Effect of different sulphur compounds on 
growth and sporulation of Alternaria 
brassicae. 
Sulphur compound Dry mycelial 
weight (mg) 
Sporula-
tion 
Potassium sulphate 
Magnesium sulphate 
Sodium bisulphite 
Zinc sulphate 
Sodium sulphate 
Sodium sulphite 
Ferrous ammonium sulphate 
Copper sulphate 
Calcium sulphate 
Ferrous sulphate 
Ammonium sulphate 
Sodium thio-sulphate 
Manganese sulphate 
Control (sulphur free) 
L.S.D. (P = 0.05) 
L.S.D. (P = 0.01) 
391.65 
310o40 
294046 
271.02 
250.54 
222.65 
215o48 
207.96 
185o99 
172.07 • 
144o98 
140ol6 
111e66 
64.23 
5.55 
7.39 
++++ 
++++ 
++ 
+++ 
+++ 
+++ 
++ 
++ 
+++ 
++ 
++ 
+ 
+ 
++ 
89 
different from all the remaining sources. The fungal growth_ 
in descending order was on sodium bisulphite, zinc sulphate, 
sodium sulphate, sodium sulphite, ferrous ammonium sulphate, 
copper sulphate, calcium sulphate, ferrous sulphate, ammonium 
sulphate, sodium thio-sulphate and manganese sulphate. 
Except ammonium sulphate and sodium thio-sulphate which were 
at par, all the compounds significantly differed amongst 
themselves. The difference in sodium sulphite and ferrous 
ammonium sulphate was significant only at P=0,05, Minimum 
fungal growth was on manganese sulphate, 
Sporulation was excellent on potassium sulphate and 
magnesium sulphate and good on zinc sulphate, sodium sulphate, 
sodium sulphite and calcium sulphate, Sporulation was fair 
on sodium bisulphite, ferrous ammonium sulphate, copper 
sulphate, ferrous sulphate and ammonium sulphate and poor on 
sodium thio-sulphate and manganese sulphate (Table 14), From 
fungal growth and sporulation obtained in the study, potassium 
sulphate was adjudged as the best sulphur source for the 
pathogen, 
(vi) Vitamins;- Experiments were conducted with ten 
different vitamins incorporated separately in the basal liquid 
medium. The informations gathered on mycelial growth and 
sporulation of th.e pathogen presented in Table 15 indicate 
that A.brassicae grew well and sporulated profusely even 
without the exogenous aid of the vitamins. Its response 
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to exogenous supply of different vitamins, however, varied, 
Biotin was found significantly superior to all in stimulating 
growth and sporulation. Nicotinic acid, the next best vitamin 
was also significantly different from all the remaining 
vitamins. Growth of the pathogen was suppressed by riboflavin, 
choline ,folic acid, pyridoxine and inositol. The growth was 
in descending order on ascorbic acid, thiamine, pentothemic 
Table 15o Growth and sporulation of Alternaria 
brassicae in the basal medium supplemented 
with different vitamins. 
Vitamin Dry mycelial Sporula-weight (mg) tion 
Biotin 
Nicotinic acid 
Ascorbic acid 
Thiamine 
Pentothemic acid 
Riboflavin 
Choline 
Folic acid 
Pyridoxine 
Inositol 
Control (vitamin free) 
L.S.D. ( P = 0.05) 
L.S.D. ( P = 0.01) 
390o05 
370.06 
354o18 
332.99 
291.53 
282.39 
279o36 
269o98 
195.23 
144.37 
292.76 
4.94 
6o6l 
++++ 
++++ 
++++ 
++ 
++ 
+'+ 
+ 
+ 
+ 
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acid, riboflavin, choline, folic acid, pyridoxine and inositol. 
All the vitamins were significantly different among them-
selves except riboflavin and choline. Minimum growth was 
seen in inositol, 
Sporulation was excellent on biotin, nicotinic acid, 
ascorbic acid and thiamine, Fair sporulation was on pento-
themic acid, riboflavin and choline and poor on folic acid, 
pyridoxine and inositol (Table 15). 
Biotin thus emerged as best source both for growth 
and sporulation of the pathogen. 
(vii) Growth regulators:- Seven different growth 
regulators were added to the basal medium separately and 
tested for their effect on the growth performance of the 
pathogen. Data on dry mycelial weight and sporulation of 
the pathogen were recorded. 
An examination of the data given in Table 16 reveals 
that out of seven, only two growth regulators i.e. Beta-indol-
butyric acid and 2,4-dichlorophenoxy acetic acid were 
utilized by the fungus well. Beta-indol-butyric acid was 
superior and significantly different from all. Next best 
2,4-dichlorophenoxy acetic acid which was also significantly 
differed from the rest. All the other growth regulators 
suppressed the growth. The growth of the pathogen on the 
media containing Alpha-naphthalene acetic acid, gibberellic 
acid, indol-acetic acid, Beta-indol-propionic acid and 2,4, 
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5-trichlorophenoxy acetic acid was in descending order. All 
the growth regulators were significantly different from each 
other in their suppressive effect but gibberellic acid and 
indol-acetic acid did not differ significantly. Minimum 
growth was observed on 2,4,5-trichlorophenoxy acetic acid 
(Table 16). 
Table l6o Growth and sporulation of Alternaria 
brassicae in the basal medium supple-
mented with different growth regulators 
„ ^^ ^ ^ Dry mycelial Sporula-
Growth regulator ^^^^^ (^ g) ^io^ 
Beta-indol-butyric acid 390.96 ++++ 
2,4-dichlorophenoxy acetic acid 366o67 ++++ 
Alpha-naphthalene acetic acid 272,09 ++ 
Gibberellic aoid 207,30 ++ 
Indol acetic acid 205o15 ++ 
Beta-indol propionic acid 180.16 + 
2,4,5-trichlorophenoxy acetic acid 161.02 + 
Control (growth regulator free) 289o19 ++++ 
L.S.D. (P= 0.05) 5.61 
L.S.D, (P= 0.01) 7o60 
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Excellent sporulation was observed on Beta-indol butyric 
acid and 2,4-dichlorophenoxy acetic acid. Sporulation was fair 
on Alpha-naphthalene acetic acid, gibberellic acid and iudol-
acetic acid and poor on Beta-indol propionic acid and 2,4, 
5-trichlorophenoxy acetic acid (Table 16), 
Beta-indol butyric acid and 2,4-dichlorophenoxy acetic 
acid were the only growth regulators which favourably influ-
enced the growth and sporulation of the pathogen, 
7. Effect of Various Factors on Spore Germination of the 
Pathogen. 
Initial observations showed that germination of conidia 
generally started within four hours of their placement in water 
as well as in the basal liquid medium. The germ-tubes were 
observed coming out from each cell and even from the beak 
cells. This aspect was undertaken for the purpose of determin-
ing the influence of the following factors on spore germination 
of the pathogen. 
(i) Temperature;- Germination of the spore was studied 
at temperatures ranging from 5 to 30*'Co 
Results given in Table 17 reveal that the pathogen 
responded variably to different temperature treatments. A 
gradual increase in the temperature from 5^0 enhanced spore 
germination upto 23*'C beyond which germination declined with 
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an increase in the temperature. The 23*'C temperature was 
significantly superior to all the other temperatures followed 
by 21®C. The germination was in descending order at 25, 15» 
10 and 28®C, Spore germination did not take place at 5 and 
30*'Co 
Table 17. Percentage germination of spores of Alternaria 
brassicae after incubation at different tempe-
ratures. 
Temperature Percentage germination 
5 
10 
15 
21 
23 
25 
28 
30 
L.S.D. (P = 0.05) 
L.S.D. (P = 0.01) 
* Figures in parentheses are transformed values. 
(ii) Relative humidity;- Since it was observed in 
growth studies that the growth performance and sporulation 
of the pathogen was satisfactory at relative humidity levels 
00.00 
19.50 
41.00 
80.50 
93.75 
55.25 
18.75 
00.00 
(0.70)* 
(4.47) 
(6.44) 
(9.00) 
(9.71) 
(7.46) 
(4.38) 
(0.70) 
0.26 
0.36 
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between 85-100 per cent, therefore,seven relative humidity-
levels (84, 87, 90, 93t 95, 97 and 100 per cent) were tried 
in the present study to ascertain their effect on spore 
germination. 
Table 18, Percentage germination of spores of 
Alternaria brassicae after incubation 
at various levels of relative humidity. 
Relative humidity Percentage germination 
level 
84,0 
87.0 
90.0 
93.0 
95.0 
97.0 
100.0 
L.S.D. (P = 0.05) 
L.S.D. (P = 0.01) 
* Figures in parentheses are transformed angular 
values. 
An examination of the results presented in Table 18 
indicates that spores germinated at all the levels of 
relative humidity tested. It progressed with an increase in 
68.75 
71.25 
80.75 
86.25 
90,75 
92,75 
95,25 
(56,07)* 
(57.60) 
(64,06) 
(68.44) 
(72,70) 
(74,79) 
(79.31) 
6o51 
8,86 
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relative humidity, reaching at its highest at 100 per cent 
relative humidity. This level was significantly superior to 
all the levels of relative humidity except 97 per cent and 
95 per cent (only at P= 0.01). It was followed by 97 per 
cent relative humidity. The spore germination was in descend-
ing order at 95, 93 and 90 per cent relative humidity levels. 
These levels were not significantly different from each 
other. The least germination was obtained at 84 per cent 
relative humidity which did not significantly differ from 
the germination at 87 per cent relative humidity. 
(iii) Carbon;- Eleven different carbon sources were 
tested to ascertain their role in germination of the spores 
of the pathogen. The data on spore germination recorded 
for each carbon source is presented in Table 19. 
The results clearly show the variability in relative 
efficacy of each carbon compound in inducing spore germina-
tion. Highest germination occurred in starch followed by 
cane sugar, sucrose and D-glucose. The difference in ger-
mination between starch and cane sugar was, however, not 
significant. Starch was significantly different from 
sucrose or D-glucose at (P= 0.05). The germination was in 
descending order in dextrine, D-galactose, D-mannitol, 
lactose, sorbitol, maltose and glycerol. In general, all 
the carbon sources induced better spore germination in 
comparison to control. 
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Table 19. Percentage germination of spores of 
Alternaria brassicae in different 
carbon sources. 
Carbon source Percentage germination 
Starch 
Cane sugar 
Sucrose 
D'^ glucose 
Dextrin 
D-galactose 
D-mannitol 
Lactose 
Sorbitol 
Maltose 
Glycerol 
Control (carbon free) 
L.S.D. (P = 0.05) 
L.S.D. (P = 0.01) 4.84 
* Figures in parentheses are transformed angular 
values. 
89.75 
87.25 
85.00 
84.25 
82.00 
81.75 
79.25 
76.75 
76.00 
73.50 
66.50 
63.25 
(71.46)* 
(69.17) 
(67.27) 
(66.66) 
(64o9l) 
(64.78) 
(63.06) 
(61.20) 
(60.75) 
(59.05) 
(54.65) 
(52.70) 
3.61 
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(iv) Nitrogen;- With a view to find out effect of 
different sources of nitrogen on spore germination of A. 
brassicae, fourteen different nitrogenous compounds were 
tried. Data are summarized in Table 20, 
Table 20. Percentage germination of spores of 
Alternaria brassicae in different 
nitrogen sources. 
Nitrogen source Percentage germination 
Peptone 93.25 (75.02)* 
Sodium nitrate 88,50 (70.72) 
Potassium nitrate 85.75 (67.90) . 
Magnesium nitrate 83.25 (65.93) 
Ammonium nitrate 85.00 (65.70) 
Ammonium dihydrogen 80.25 (63.70) 
phosphate 
Thio-urea 79.75 (63.27) 
Ammonium sulphate 77.50 (61.84) 
Ammonium phosphate 7A,50 (59.70) 
Ammonium chloride 71o75 (57.94) 
Urea 68,25 (55.75) 
Calcium nitrate 66,00 (54.46) 
Ammonium oxalate 64.25 (53.29) 
Ammonium molybdate 61.75 (51.81) 
Control (nitrogen free) 56.25 (48.59) 
L-.S.D. (P = 0.05) 4,44 
L.S.D. (P = 0.01) 5^^Q 
* Figures in parentheses are transformed angular 
values. &"-<-«»* 
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It is evident from the data that germination was highesi 
in peptone followed by sodium nitrate. The difference between 
them was, however, not significant. The spore germination was 
in descending manner in potassium nitrate, magnesium nitrate, 
ammonium nitrate, ammonium dihydrogen phosphate, thio-urea, 
ammonium sulphate, ammonium phosphate, ammonium chloride, urea, 
calcium nitrate and ammonium oxalte. Minimum germination was 
observed in ammonium molybdateo 
(v) Vitamins;- Effect of vitamins on spore germinatioi 
was studied and results are presented in Table 21, 
Table 21. Percentage germination of spores of 
Alternaria brassicae in the basal medium 
supplemented 
Vitamin 
Biotin 
Nicotinic acid 
Ascorbic acid 
Thiamine 
Pentothemic acid 
Riboflavin 
Choline 
Folic acid 
Pyridoxine 
Inositol 
Control (vitamin 
L,S,D. (P = 0.05) 
L,S,D. (P = OoOl) 
free) 
• 
with different 
Percentage 
92o25 
89o50 
86.50 
83.00 
79.00 
76.50 
74.25 
70o25 
67o25 
61.25 
90o75 
/ 
vitamins. 
germination 
(73c96) * 
(71o36) 
(68.48) 
(65.77) 
(62.78) 
(61.01) 
(59.59) 
(56.96) 
(55.15) 
(51.52) 
(72.67) 
4.20 
5.62 
* Figures in parentheses are transformed angular 
values. 
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In general, addition of vitamins did not favour spore 
germination. Instead, most of them except biotin, nicotinic 
acid and ascorbic acid were inhibitory for spore germination. 
Spore germination in the absence of vitamins (control) was at 
par to those of biotin, nicotinic acid and ascorbic acid. 
The differences among these three vitamins, however, did not 
differ statistically. 
(vi) Growth regulators;- Results on effects of seven 
different growth regulators on spore germination given in 
Table 22 show that spore germination in general like vitamins 
was adversely affected by most of the growth regulators. 
Beta-indol-butyric acid, 2,4-dichlorophenoxy acetic acid and 
Alpha-napthalene acetic acid, however, did not suppress its 
germination. Percentage of germination obtained in them was 
at par with the per cent germination obtained in control. 
2,4,5-trichlorophenoxy acetic acid was most inhibitory for 
spore germination. 
Table 22. Percentage germination of spores of Alternaria 
brassicae in the basal medium supplemented 
with different growth regulators 
Growth regulator Percentage germination 
Beta-indol butyric acid 
2,4-dichlorophQnoxy acetic acid 
Alpha-naphthalene acetic acid 
Gibberellic acid 
Indol acetic acid 
Beta-indol propionic acid 
2,4,5-trichlorophenoxy acetic acid 
Control (growth regulator free) 
.S.D. (P = 0.05) 
.S.D. (P = 0.01) 
90.25 
88o75 
83.00 
81o75 
79.25 
75,75 
74o75 
89.75 
(72.06)* 
(70,54) 
(65.82) 
(64.81) 
(63.02) 
(61.23) 
(59o94) 
(71.64) 
5.13 
6w96 
* Figures in parentheses are transformed angular values. 
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8, Survival and Perpetuation of the Pathogen 
(i) Role of plant debris 
(a) Under laboratory conditions;- Isolations from 
the old and dried material preserved during March 1985, were 
made periodically till February, 1986. It was found that 
all isolations yielded.A,brassicae« The pathogenic ability 
of the isolates could be established experimentally on 
B.campestris, var. yellow sarson (cv, K-88). This indicates 
that the pathogen remained viable for more than a year in 
diseased leaves under laboratory conditions, 
(b) Under field conditions;- Isolations from 
diseased plant debris buried in soil in nylon bags were 
regularly made at monthly intervals and the pathogenicity of 
the isolate was tested. It was found that the pathogen 
survived on the buried plant debris throughout the period of 
study. At each isolation it yielded A.brassicae, pathogenicit 
of which could be established at each time by artificial 
inoculation on B.campestris var, yellow sarson (cv. K-88). 
Surface sterilized healthy seeds of cv. K-88 were 
sown in three sets of pots as detailed under materials and 
methods for observations on natural appearance of the disease. 
As the seed germination started, they were observed regularly. 
In first two sets of pots containing either soil artificially 
infested with diseased debris or soil from infested field, 
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it was observed that the symptoms of the disease started 
appearing first on the lower most soil touching leaves of 
plants at 2-A leaf stage. Later on, upper leaves became 
infected. However, no disease symptoms were observed on the 
plants growing in the third set of pot containing sterilized 
soil. This shows that the pathogen survived in the soil of 
the fields infested with plant debris and subsequently served 
as the primary .source of inoculum, 
(ii) Role of seed;- Observations on the role of 
seed in the survival and perpetuation of the pathogen showed 
that the diseased unsterilized seeds could invariably produce 
the pathogenic culture of A,brassicae while the healthy 
unsterilized ones, however, failed to do so. It thus 
testifies that seed is a carrier of the pathogen. 
Another experiment was conducted to confirm the inter-
nally or externally seed-borne nature of the pathogen. Disease 
seeds obtained from diseased plants were taken into two parts, 
one was surface sterilized and the other was unsterilizedo 
They were then plated separately in two sets of petriplates. 
It was observed that the pathogen developed both on the 
unsterilized and surface sterilized diseased seeds alike. It 
was a pointer of internally seed-borne nature of the 
pathogen. 
The role of seed was further examined by sowing 
diseased and healthy seeds in pots as detailed in materials 
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and mfethods. Observations showed that the disease appeared 
on plants only in those pots sown with diseased seeds. The 
plants grown from healthy seeds did not exhibit any disease 
symptom throughout the period of observation, 
(iii) Secondary spread of the disease;- Two sets of 
plants as mentioned under materials and methods were placed 
near a mustard field with high disease intensity and observed 
regularly for the appearance of the disease. It was noticed 
that the symptoms appeared only on the plants left uncovered 
and exposed to free contact of A.brassicae, while those 
covered escaped infection. It can be thus concluded that 
the disease inoculum reached the exposed plants through the 
agency of air, 
9. Host-Age in Relation to Susceptibility. 
Inoculation experiments were conducted to determine 
the most susceptible age of the plants. Observations recorded 
on the basis of intensity of disease are summarized in 
Table 23. 
It is evident from the data that the youngest plants 
(10-day-old) showed^highest disease intensity which gradually 
declined with an increase in the age of the plants. The 
10-day-old plants were most susceptible whereas 120-day-old 
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Table 23. Results of inoculation on rapeseed, 
Brassica campestris var, yellow sarson 
Sowing 
28 Dece 
18 Dec. 
8 Dec. 
28 Nov. 
18 Nov. 
8 Nov. 
29 Oct. 
19 Oct. 
9 Oct. 
29 Sep. 
19 Sep. 
9 Sep. 
30 Aug. 
20 Augo 
10 Aug. 
L.S.D. 
L.S.D. 
date 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
(P = 
(P = 
^cv, 
with 
0.05) 
0.01) 
K-8B) plants of 
Alternaria bras 
Plant age at 
inoculation 
(days) 
00 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
different ages 
ssicae. 
Average 
disease intensity 
(%) 
84.85 ( 
81.52 
61.90 
53.91 1 
50.73 1 
40o84 
38o76 ( 
31.41 ( 
27.77 ( 
21o01 ( 
16.48 ( 
10.04 { 
( 
( 
[9o23)* 
[9o05) 
[7.89) 
[7o37) 
[7o15) 
[6.42) 
[6o26) 
[5.64) 
[5.31) 
[4o63) 
[4.11) 
[3.23) 
:0.70) 
Oo70) 
Oe20 
0o26 
Grade 
HS 
HS 
HS 
HS 
HS 
HS 
S 
S 
S 
MS 
MS 
MS 
F 
F 
Figures in parentheses are transformed values. 
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plants were least susceptible. The plants of 130-and 140-day-
age remained free from infection. It demonstrates that the 
age was a factor in the susceptibility of the plant. The 
younger plants were more prone to the disease than older 
ones, 
10. Minimum Period of Incubation in Saturated Atmosphere 
for Successful Infection. 
The plants incubated in a moist chamber for 12 and 24 h 
were not infected whereas those kept for 48 h or more develope 
infection. Thus a period of 48 h in a saturated atmosphere 
was pre-requisite minimum period for infection by the pathogen 
Disease intensity was high on the plants removed from the 
moist chamber after 72 h. Disease intensity on the plants 
removed after 95 h from the moist chamber was, however, 
significantly greater than in all the other treatments but 
leaves of the plants turned yellowisho 
Although an incubation of 95 h caused most severe 
disease intensity, leaves of the plants became yellowish 
at the end of the incubation period. Therefore, an incuba-
tion period of 72 h is considered as best for the develop-
ment of the disease (Table 24). 
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Table 24, The period of incubation required for 
infection of rapeseed, Brassica campestris 
Period 
(h) 
12 
24 
48 
72 
96 
L.S.D. 
L.S.D. 
(P = 
(P = 
0 
0 
var, yello\ 
Alternaria 
conditions, 
n sarson (( 
brassicae 
i 
Average 
disease intensity 
(%) 
00.00 
00.00 
30 c 32 
37.80 
49.46 
.05) 
.01) 
(0.70)* 
(Oo70) 
(5.74) 
(6o38) 
(6.83) 
0.25 
0.35 
3V, 
at 
K-88) leaves by 
favourable 
Grade 
F 
F 
S 
S 
HS 
* Figures in parentheses are transformed values, 
11. Effect of Atmospheric Temperature and Relative 
Humidity on the Degree of Infection and Disease 
Development 
Environmental factors have profound bearing on 
the degree of infection and disease development. Alternaria 
blight of rapeseed and mustard is knovm to appear generally 
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in the middle of October and continues throughout the cropp-
ing season. An experiment was, therefore, initiated since 
the beginning of October to the middle of February, the 
cropping season of rapeseed and mustard to determine the 
relationship of atmospheric humidity and temperature on 
infection and disease development. It is evident from the 
results that there was close correlation between disease 
development and the atmospheric temperature and relative 
humidity (Table 25). 
It is further apparent that disease appeared in traces 
during the second fortnight of October,1985. The disease 
intensity was mild and moderate in the first fortnight and 
second fortnight of November,1985 respectively. Thereafter, 
the disease became severe and remained till first fortnight 
of February,1986, The disease was most severe between first 
fortnight of December and second fortnight of January, a 
period when temperature ranged between 20.13-24.90*0, the 
maximum and 5.73-9.40*'C the minimum accompanied by relative 
humidity fluctuating between 77o60-88,56 per cent the 
maximum and 38o12-47,75 per cent the minimum. Thereafter, 
there was a rise in the temperature and fall in the humidity 
in atmosphere which did not favour the disease development 
appreciably. 
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12, Effect of Alternaria Blight on Oil and Protein 
Content of Rapeseed and Mustard 
With a view to find out the possible effect of the 
disease on the quantity of oil and protein content of seeds, 
diseased and healthy seeds of 17 rapeseed and mustard 
cultivars were analysed in the laboratory. The results 
are presented in Table 26o 
The results indicated that the disease caused reduc-
tion in the oil content to a varying extent in all the 
cultivars but the protein content increased slightly. 
Greatest loss of oil content was recorded in YST-151, T-42 
and K-88 the rapeseed (Yellow sarson) cultivars. The per 
cent loss in oil content in all diseased rapeseed cultivars 
over healthy seeds ranged between 14,58-35.97. The highest 
i.e., 35o97 per cent loss in comparison to healthy seeds 
was observed in T-42. The range of per cent loss in oil 
content of diseased seeds of mustard cultivars over healthy 
seeds was between 14.12-29.07. The per cent loss was 
highest in cv. Varuna and lowest in cv. Kranti. 
Over all gain in protein content of the diseased 
seeds of rapeseed and mustard cultivars ranged between 
5.87-12,82 per cent. Highest gain in protein content was 
recorded in cv. Varuna and lowest in cv. Laha-101, 
+> 
c 
Q) 
O 
C 
U-H 
<u to 
a , bo 
+> 
c 
OJ 
o 
u 
<D 
D, 
" N - . * 
•P 
c 
0) 
-p 
c 
o 
o 
c 
•H 
OJ 
+J 
o 
u, 
a. 
X) 
Q) 
W TJ 
CO OJ 
QJ OJ 
W CO 
•H 
Q 
>, 
x; 
-PXJ 
H 0 
CO 0) 
0) to 
a: 
-p 
c 
cu 
o 
CO 
U, CO 
CD O 
p 
c 
0) 
o 
t< 
CD 
Q. 
P 
C 
tu 
4-> 
c 
o 
o 
H 
•H 
O 
-d 
QJ 
CO T) 
CO OJ 
CU QJ 
CO CO 
•fi 
a 
>. 
p j s -d 
to OJ 
H tU 
0) CO 
n: 
CO 
> 
•H 
P 
iH 
P 
U 
c ^ J v D o o u ^ ^ o • J • a ^ v o c J l r ^ r - ' ^ o - 4 • ^ - v r ) o o c 7 ^ J J « 
C ^ < X > r - C D C 0 C \ J O I > - 0 0 C D C 0 f O O C 0 K ^ r - < f l l f l 
C ^ O O ^ - O O O O C ^ C O C v ) O O v £ ) ( X ) C M m O O r -
m o T - » j D c \ j c ^ T - < i - - ^ C J \ < t - c O r - i r \ ( j \ r o \ r o 
T - c \ | ^ O l C \ J C v J ^ f ^ c \ J ^ f ^ c v J C \ J C \ J C \ i ( ^ ^ T - C M c ^ J C \ J 
C v i C M ( \ J C \ J C \ | C N J C \ J C M C M C M C V C M C \ ] C M O v J C \ J C N J 
c \ j o t n c r \ r o \ 0 - d ' ^ c r v C ^ t < ^ C ^ v D < i - v x ) r < ^ c \ i 
c O Q O ^ - ^ o c \ J l r ^ ^ ~ - : t o o t r ^ ^ - < t ^ f ^ v D u r ^ v O T -
C T v O T - O O t - O r -
r - c \ l ( ^ J c ^ J ( ^ i c \ J c ^ J C \ l c ^ o o o o o o . o o 
t - C \ I C \ J ( \ J C \ J C \ J C M C \ J C \ J 
c X ) v o i r > a D < f C \ J ( T i r o o c \ i C ^ T - c \ ) < } - c \ j Q O C r v 
O CO -3-
C\J V - T -
c \ i r o T - L r \ < j - ( 7 \ 0 0 r o , < r Q 0 c r \ r o o m 
1^ en t-- cr> cr» T- in 
hO <}• CM rov CO CM CV 
O ^ l r ^ O O ( T ^ C D 0 0 C 0 C 3 ^ O < ^ ^ < ^ ( ^ J O 0 J ^ o 
r o i r r \ r o r o r c \ c \ i o o c \ j c \ j c \ j N ^ m f O i m r o r o m 
c ^ o c M N - i n v r > « a 3 t ^ ( v » x ) T -
O C ^ ^ c ^ J C M ^ > - r - c T ^ v £ ) - d • l r ^ c o O f\l C^  C7\ CA t^ c\J, T- vi) in 
C D C O T - O N C T v r v j m C M O O C J N O O O O O C n 
CTv 
1 
e-i 
•H 
c 
CO 
» 
to 
s: 
PQ 
viD CM 
K> 1 
1 CO 
H pq 
O 
C^ 
1 
CO 
pq 
r -
in 
r-
1 
H 
cn 
>^ 
rvi 
-d-
1 
EH 
CO 
00 
1 
t>d 
CO 
d 
H 
to 
> 
% 
CO 
x: 
x» 
•H 
to 
> 
.c 
to 
•d 
u 
ta 
> 
•H 
+ j 
c 
to 
JH 
^s:: 
CO 
C 
x: 
to 
•H 
SH 
i< 
o 
T -
1 
to 
x: 
to 
-5 
VO 
T— 
1 
EH 
T— 
r— 
1 
EH 
O 
< — 
VO 
in 
1 
a: 
fed 
I l l 
13o Host Range Studies 
Host-range of a pathogen plays an important role in 
the recurrence of the disease. Present investigation was, 
therefore, undertaken to enlist the other hosts of A.brassicae 
in addition to its known hosts. In the present study, the 
susceptibility of the hosts listed in Table 27 was verified 
by inoculating the plants in their respective seasons. They 
were kept moist by spraying sterile water to maintain 
sufficient humidity and the symptoms were recorded after a 
week. 
The results indicate that all the 20 cruciferous plant, 
were affected by the disease. Besides, Chenopodium album 
(Chenopodiaceae), Convolvulus arvensis (Convolvulaceae) and 
Anagallis arvensis (Priraulaceae) were also invariably 
infected by A.brassicae. The disease did not develop on 
rest of the plants belong to families - Cyperaceae, Compositae 
Crassulaceae, Solanaceae, Pedaliaceae, Malvaceae. Linaceae, 
Leguminosae, Graminae, Euphorbiaceae and Cucurbitaceae. 
14, Control Measures 
A. Varietal resistance 
(i) Screening of cultures/varieties of rapeseed and 
mustard against the pathogen under field conditions; 
a. Disease development on cultures/varieties of 
'Labia', 'Toria*, 'Yellow sarson', 'Brown sarson' 
and 'Rai' under field conditions: 
Table 27. Pathogenicity of Alternaria brassicae on 
different species of 15 families. 
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Host Reaction 
Family : CRUCIFERAE (= BRASSICACEAE) 
Brassica nigra + 
_B. napus + 
B. integrifolia + 
B_. oleracea var. capitata + 
B_. oleracea var. caulorapa + 
B. oleracea var. botrytis + 
_B. oleracea var. gemifera + 
_B. campestris var. rapa + 
S* campestris var, oleifera + 
B. campestris var, labia + 
B. campestris var, yellow sarson + 
B, campestris var, brown sarson + 
B_. campestris var, toria + 
B, tournefortii + 
R* chinensis + 
B. alba + 
B. rapa + 
Raphanus sativus + 
Eruca sativa + 
Family : CHENOPODIACEAE 
Chenopodium album + 
Table 27 (contd.) 
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Host Reaction 
Family : CYPERACEAE 
Cyperus rotandus 
Family : COMPOSITAE (= ASTERACEAE) 
Carthanus tinctorius 
Helianthus annus 
Family : CRASSULACEAE 
Bryophvllum calycirum• 
Family : SOLANACEAE 
Capsicum annuum 
Solanum nigrum 
S-. tuberosum 
_S. melongena 
Lycopersicon esculentum 
Family : PEDALIACEAE 
Sesamum indicum 
Family : MALVACEAE 
Abelmoschus esculentus 
Gossypium arboreum 
Family : LINACEAE 
Linum usitatissimum 
Table 27 (contd.) 114 
Host Reaction 
Family : LEGUMINOSAE (= FABACEAE), 
Arachis hypogeae 
Cajanus ca.jan 
Cicer arietintim 
Pi sum sativum 
Trifolium alexandrium 
Madicago sativa 
Family : GRAMINAE (= POACEAE) 
Cynodon dactylon 
Hordeum vulgare 
Pennisetum typhoides 
Sorghum vulgare 
Triticum aestivum 
Zea mays 
Family : EUPHORBIACEAE 
Ricinus communis 
Family : CUCURBITACEAE 
Lagenaria siceraria 
Citrullus vulgaris 
Family : CONVOLVULACEAE 
Convolvulus arvensis 
Family : PRIMULACEAE 
Anagallis arvensis 
+ = Infection - « No infection 
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The use of resistant varieties is one of the most 
economical and effective method of preventing plant diseases. 
Therefore, a large number of cultures/varieties of rapeseed 
and mustard were observed for their reaction against 
A.brassicae, under natural conditions in fields. 
Table 28o Reaction of cultures/varieties of 
Brassica campestris var, toria (Toria) 
against Alternaria brassicae under 
natural conditions in the fieldo 
Grade Cultures/varieties 
F Nil 
R " Nil 
MR TCS.4-1, TCS.4-2, TH-4, TH-11, PT-303, T-7, 5605, 
UP-70 MSC-1o 
MS PT-2, PT-30, TL-.15, Ldh.Comp-1, ITSA, TCS.4-3, 
TCS.4-4, TCS.4-5, TCSf4r6, TCS.4-7, PT-1, PT-507B, 
PT-9, PT-101, PT-600, Ldh.Comp-3, T-1/16, T-1/14, 
T-2/8, T-4/10, Baradari, TH-42, 5606, 5607, T-24, 
UP-70 MSC-3, UP-70 MSC-5, UP-70 MSC-6, TH-43o 
S TH-44, 6823, 6235, 6306, 6307, T-8, 5624, T-19, T-14, 
T-10, T-33, 4104, 5904, 5905, 5928, T-20, 6204, 6206, 
6215, 6217, 6219, 6220, 6236., M-3, WB.NO 6/30, 680, 
T-1, T-Karmaha, T-3, T-15, T-16, T-17, T-22, 5631, 
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Grade Cultures/varieties 
T-29, WB.NO-40, WB.NO-54, WB.NO-58, WB.NO-107, 5503, 
5506, Comp-1, Toria. Sel-96, Syn,NOo1, T.T.-128, 
T.T.-54-40. 
HS lJdh.Comp-2, Gurdas.Comp-1, T,1/15, WBoN0.105, 
Syn.65, Toria-A, S.T.1, 5824, BR-23, 6809, TH'6, 
TH-5, TH-8, TH-7, 146-1, H-26, IB-133, IB-126, IB-225, 
IB-230, IB-290, IB-275, UP-70 MSC-7, UP-70 MSC-9, 
UP-70 MSC-13, Torial-Etawah. 
The results presented in Table 28 reveal that eight 
cultures/varieties of 'toria' (B.campestris var. toria) 
were moderately resistant; -29 moderately susceptible; 46 
susceptible and 26 highly susceptible. None was found to be 
free from disease or resistant to the pathogen. Two reco-
mmended varieties viz., T-9 and Bhawani were also found highly 
susceptible. 
The results given in Table 29 indicate that seven 
varieties/cultures of 'Labia' (B.campestris var. labia) 
were moderately resistant, 19 moderately susceptible, 13 
susceptible and the rest four highly susceptible. None of 
the cultures/varieties was free from the disease or resistant. 
The recommended variety of 'Labia' T^36 was found suscep-
tible. 
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Table 29. Reaction of cultures/varieties of 
Brassica campestris var, labia 
(Labia) against Alternaria brassicae 
under natural conditions in tbe field. 
Grade Cultures/varieties 
F Nil 
R Nil 
MP. T-14, T-.16, T-29, T-30, 5610, C.-6-1-2, BSYS-2-2, 
MS T-2, T-8, T-15, T-18, T-20, 5615, 5614, 5604, 
5603, 5602, 5601, T-39, T-37, T-35, 5620, 5621, 
5622, YSB-5, B-3-3. 
S 5623, 5624, 5625, 5626, 5627, 5629, 5631, 1314, 
T-4-.1, Maghi, C.10-2-2, C.10-9, Cdl-I. 
HS C.11-5-1, T.17, BSYS-5, B.7-1. 
The results given in Table 30 indicate that eight 
cultures/varieties of 'Yellow sarson' (B.campestris var. 
yellow sarson) were moderately susceptible; 46 were suscep-
tible and 27 highly susceptible.' However, all the recommen-
ded varieties of 'Yellow sarson' viz., T-42, T-151, and 
K-88 were also found to be susceptible. 
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Table 30, Reaction of cultures/varieties of 
Brassica campestris var. yellow sarson 
(Yellow sarson) against Alternaria 
brassicae under natural conditions in 
the field. 
Grade Cultures/varieties 
F Nil 
R Nil 
MR Nil 
MS YSK-1, YSK-2, YSK-3, YSIK-71/1-78, YS-2, YSM-1, 
YSP-31, YS-9o 
S YSK-4, YSK-5, YSIK-4, YSIK-24, YSIK-741, YSIK-742A 
YSIK-7A2B, YSP-6, YSP-408, YS-8, YS-15, YS-31, 
YS-2A, YS-51, YS-7-11, YS-74-11, YS-74-1, A-22, 
A-78, YSA-78, YSM-13, T-10, T-55/6, TS-9 (old), 
YS-9 (late), YS-78-1, YS-78-2, YS-78-3, YS-78-4, 
5507, YS-45, YS-82, YS-5911, YS-5802, YS-5903, 
YS-5512, YS-130, 112-1152, YS-57, YS-99, YS-144, 
YS-23, YS-559-125, TS-131, YS-5508, 5520. 
HS T-151, YS-5407, YS-134, 5915, YS-48, YS-96, 
YS-199, YS-202, 5522, YS-176, Y-155, 5911, YS-.13, 
YS-22, YS-120, YS-5633, YS-5513, YS-5603, YS-5624, 
YS-95, YS-177, YS-189, YS-619, YS-200, 4115-3, 
5505-1, YS-156. 
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The results presented in Table 31 reveal that none 
of cultures/varieties of 'Brovm sarson' (B,campestris var, 
brown sarson) was found to be free from infection, resistant 
or moderately resistant. Fifteen cultures/varieties were 
moderately susceptible; 10 were susceptible and four highly 
susceptible. Two recommended varieties of 'Brown sarson' 
namely BS-2 and BS-70 were found to be susceptible. 
Table 31o Reaction of cultures/varieties of Brassica 
campestris var, brown sarson (Brown sarson) 
against Alternaria brassicae under natural 
conditions in the field. 
Grade Cultures/varieties 
F Nil 
R Nil 
MR Nil 
MS BSH-1, BS-2A, BS-2B, BSH-3, BS-5, BS-15, BSH-15, 
BSH-18, BS-13, BS-2, BS-70, BSP (Early), BSP 
(Medium), Compo4, 5335. 
S BS-26, BS-28, BSH-24, IB-303, BS-1, BS-4, 
BS.8, BS.9, BS.10, BS.11, 
HS BS-12, BS-3, BS-6, BS-7o 
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It is evident from Table 32 that five cultures/ 
varieties of 'Rai' (B..1uncea) were disease-free; 20 resis-
tant; 22 moderately resistant. The remaining cultures/ 
varieties were found to be moderately susceptible to highly 
susceptible. However, all the recommended varieties of 
'Rai' viz., Varuna, Vaibhawa, Vardan, Shakhar, Kranti, 
Krishna, Laha-101, T-16, T-11, and KR-5610 were found to be 
susceptible. 
Table 32o Reaction of cultures/varieties of 
Brassica .-juncea (Rai) against 
Alterna'ria braTsicae under natural 
conditions in the fieldo 
Grade Cultures/varieties 
F 
R 
MR 
MS 
CSR-Nos.43, 142, 440, 622, 741. 
CSR-Nos.18, 45, 46, 57, 74, 100, 102, 103, 
113, 141, 150, 195, 196, 200, 218, 225, 245, 
258, 263, 276. 
CSR-Nos. 291, 297, 307, 314, 366, 369, 671, 
683, 728, 746, 781, 817, 951, 9b0, 1046, 
1137, 1210, 1225, 1254, 1301, 1344, 1347. 
CSR-No's. 320, 321. 343, 359, 368, 371, 407, 
408, 412, 430, 445, 451, 455, 459, 465, 470, 
478, 479,485, 491, 494, 495, 536, 579, 584, 
585, 598, 604, 608, 627, 645, 692-694, 709, 
717, 720, 721, 756, 766, 767, 770, 788, 800, 
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Grade Cu l tu re s /va r i e t i e s 
810, 816, 808, 884, 814, 867, 875, 876, 881 , 
882, 8 9 1 , 893 , 9 0 1 , 910, 916, 932, 939, 940 ,942 , 
9 4 3 , 959, 9 7 1 , 1011, 1014, 1020, 1026, 1031, 
1067, 1092, 1096, 1097, 1099, 1131, 1138, 1139, 
1152, 1177, 1184, 1190, 1198, 1200, 1201, 1205, 
1207-1209, 1212, 1216, 1219, 1221, 1228, 1229, 
1235, 1237, 1246, 1255, 1256, 1261-1263, 1275, 
1278, 1283, 1285, 1296, 1305, 1307, 1323, 1325, 
1326, 1336, 1336, l446o 
S CSR Nos .1-16, 19-29 , 3 3 - 4 1 , 44 , 47-56, 58-67, 
6 9 - 7 3 , 75-79 , 82-99 , 101 , 104-112, 114-126, 
128-134, 136, 140, 143-148, 151-169, 171, 
173-176, 180, 182-188, 190-194, 197-199, 201-203, 
205-214, 216, 217, 219, 222, 227-239, 241, 243, 
244, 246, 247, 249-253, 256, 257, 259-262, 
264-269, 2 7 1 , 212, 275, 273-280, 282-285, 
287-290, 292-295, 298, 299, 301 , 303-306, 308, 
309, 311-313, 315, 317, 318, 322-334, 338-342, 
344-350, 353-356, 358, 360-365, 367, 370, 372, 
376-378, 380-382, 385-406, 409-411 , 413-420, 
422-426, 428 , 429, 431-436, 439, 441-444, 448-
450, 452-434, 456-458, 466-469, 471-477, 
480-484, 486-490, 492, 4 9 3 , 
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Table 32 ( c o n t d . ) 
}rade C u l t u r e s / v a r i e t i e s 
S 496-518 , 525-535, 537-567, 570-572, 574-578, 
580-583, 586-589, 5 9 2 - 5 9 6 , 599, 600, 602, 603, 
605-607, 609, 610-621 , 623-626, 628-643, 
646-652, 654-656, 658, 659, 661-670, 672-675, 
677-679, 6 8 1 , 682, 684-691 , 695, 697-706, 708, 
710, 7 1 1 , 713-716, 718, 719, 722-727, 729, 730,-
733, 734, 736-740, 743-745, 747-755, 757, 760-765, 
768, 769, 771-774, 776-780, 782-785, 787, 789-791, 
79/^-799, 801-305, 607, 809, 8 1 1 , 813, 815, 818-820, 
822-824, 826-336, 840, 841-866, 868-871, 878-880, 
883, 885-890, 892, 894-899, 902, 904-9C9, 911 , 
912, 914, 915, 917, 919, 920, 924-931 , 933-936, 
938, 9 4 1 , 944, 947-949, 952-958, 9 6 1 T 9 6 3 , 965-970, 
972-1005, 1010, 1012, 1013, 1015, 1016-1019, 
1021-1025, 1027, 1029, 1030, 1032-1035, 1037-1045, 
1048-1064, 1066, 1069, 1070, 1072-1076, 1078, 
1079, 1081-1087, 1089-1091,1093,1095,1098,1100-1102, 
1105, 1106, 1111-1130, 1132-1134, 1141-1146, 
1150, 1151, 1154-1168, 1170-1176, 1178, 1179, 
1181-1183, 1185-1187, 1189, 1195-1197, 1199, 
1202-1204, 1206, 1213, 1214, 1217, 1218, 1222, 
1223, 1226, 1230-1232, 1234, 1236, 1238-I245p 
1247-1253, 1257-1260, 1264-1269, 1271-1274, 1276, 
1277, 1279-1282, 1284, 1286-1291, 1293-1295, 
Table 32 (contd . ) | 2 3 
Grade Cu l tu re s /va r i e t i e s 
S 1297-1300, 1302. 1303, 1308, 1310, 1312-1316, 
1319-1321, 132A, 1327-133A, 1337-13A0, 1350-1365, 
1368, 1370, 1372-1376, 1379-1384, 1387-1394, 
1400-1425, 1429-1434, 1441, 1442c 
HS CSR-Nos.30-32, 4 2 , 6 8 , 80, 8 1 , 127, 135, 137-139, 
149, 170, 172, 177-179, 181 , 189, 204, 215, 220, 
221 , 223, 224, 226, 240, 242, 248, 254, 2'D'b, 270, 
273, 274, 277, 2 8 1 , 286, 296, 300, 302, 310, 316, 
319, 335-337, 351 , 352, 357, 373-375, 379, 383, 
384, 427, 437, 438 , 446, 447, 460-464, 519-524, 
568, 569, 573, 590, 591 , 601 , 644, 653, 657, 660, 
676, 680, 696, 707, 7 3 1 , 732, 735, 742, 758, 759, 
775, 786, 792, 793 , 806, 821 , 825, 837-839, 
872-874, . 877, 900, 903 , 913 , 918 , 921-923, 937, 
945 , 946, 950, 964 , 1006-1109, 1028, 1036, 1065, 
1068, 1071, 1077, 1080, 1088, 1103, 1104, 1107-
1110, 1135, 1136, 1140, 1147-1149, 1153, 1169, 
1180, 1188, 1191-1194, 1211, 1215, 1220, 1224, 
1229, 1233, 1270, 1292, 1304, 1306, 1309, 1311, 
1317, 1318, 1322, 1340, 1341, 1343, 1345, 1346, 
1348, 1366, 1367, 1369, 1371, 1377, 1378, 1385, 
1386, 1395-1399, 1426-1428, 1435-1440, 1443-1445. 
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b. Disease development on cultures/varieties of 'Toria' 
'Yellow sarson' and 'Ral' under field conditions 
(AICORP trials) 
Different cultures/varieties of 'Toria', 'Yellow 
sarson' and 'Rai' being tried by the "All India Co-ordinated 
Research Project" were observed for the appearance of the 
disease under natural conditions at Kanpur. The disease 
intensity was recorded and graded for determining resistance. 
Table 33. Reaction of cultures/varieties of Brassica 
campestris var, toria (Toria) under natural 
conditions in the field (Initial Evaluation 
Trial-I.E.T.) 
Grade Cultures/varieties 
I.E.T.Early (Irrigated) 
MR FT-390, PT-530, TL-84, TL-85. 
MS Gurd.Comp-18, TK-8481, TH-68, TH-84, TW-1-9-13, 
TW-54-9-5, TWS-1, RAUT-6, RAUT-7o 
I.E.T. Late (Irrigated) 
MR TK-8402 (TK-5-79), TK-8403, TH-83, TH-72„ 
The Table 33 shows that four varieties of 'Toria' 
viz., PT-390, PT-530, TL-84, and TL-85 I.E.T. (Early-
irrigated) of 'Toria' were moderately resistant and rest of 
the varieties were moderately susceptible. All the four 
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varieties in I.E.T. (Late-irrigated) of 'Toria! were 
moderately resistant. 
All the varieties of 'Yellow sarson' I.E.T. (Rainfed 
and irrigated) were moderately susceptible or susceptible. 
Out of seven varieties of 'Yellow sarson' C.V.T.(Irrigated), 
four were moderately susceptible and three were susceptible. 
Eight varieties of C.V.T.(Rainfed) were moderately suscep-
tible and one i.eo YS-151 was susceptible. One variety i.e. 
YSIK-741 of C.V.T. was resistant, four moderately resistant 
and two moderately susceptible (Table 34). 
Table 3A, Reaction of cultures/varieties of Brassica 
campestris var, yellow sarson (Yellow sarson) 
under natural conditions in the field (Initial 
Evaulation Trial-I.E.T. and Co-ordinated 
Varietal Trial - C.V.T.). 
Grade Cultures/varieties 
I.E.T. (Rainfed and irrigated) 
MS YSC-56, YSC-5, YSB-11. 
S YSK-8401, YSK-8402, YSK-8403, RAUYS-4, RAUYS-3. 
C.V.T. (Irrigated) 
MS YID-3, YSB-9, DYS-1, YSIK-7111, 
S YSK-1, DYS-2, YS-151 
C.V.T. (Rainfed) 
MS YSIK-742, YSP-6, YSK-1, YSIK-4, DYS-2, DYS-1, 
YSIK-741, YSK-2o 
S YS-151o 
Table 3A (contd.) Jgg 
Grade Cultures/varieties 
CV.T. 
R YSIK-741 
MR YSIK-4, Y2K-2, YSIK-742, DYS-2. 
MS YST-151, DYS-lo 
Out of 20 varieties of 'Rai' I.E.T, (Late-rainfed), 
seven were found to be resistant and 13 were moderately 
resistant. Out of six varieties of N.E.T. (Early-irrigated), 
one i,e. RIK-803 was moderately resistant. Rest of the 
five varieties were moderately susceptible. Out of three 
varieties in C.V.T. (Late-irrigated), two were moderately 
susceptible and one was susceptible. Of seven varieties 
in S.V.T. (Irrigalied), six were moderately susceptible and 
one was susceptible. Seven varieties in I.E.T. (Late) were 
moderately resistant and 11 were moderately susceptible and 
the remaining two were susceptible. Out of 25 varieties in 
I.E.T. (Early-irrigated), eight were moderately resistant 
and 16 varieties were moderately susceptible and only one 
variety i.e. RW-29-6 was susceptible. Two varieties of 
P.Y.T. (Irrigated) were resistant and 11 other varieties 
were moderately resistant and eight were moderately suscep-
tible. Remaining one variety i.e. CSR-83-146 was susceptible. 
Out of six varieties in N.E.T. (Late-rainfed) five were 
moderately resistant and one variety i,e, RLM-29/22 was 
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moderately susceptible. Out of 12 varieties in C.V.T. 
(Late-rainfed), four varieties were observed to be resistant, 
six were moderately resistant and two were moderately suscep-
tible to Alternaria blight. Out of 23 varieties in I.E.T. 
(Early-rainfed) seven were resistant and 14 were moderately 
resistant and two were moderately susceptible (Table 35). 
Table 35. Reaction of cultures/varieties of 
Brassica juncea (Rai) under natural 
conditions m the field (Initial 
Evaluation Trial - I.E.T., National 
Evaluation Trial - N.E.T., Co-ordinated 
Varietal Trial- C.V.T., State Varietal 
Trial - S.V.T. and Preliminary Yield 
Trial - P.Y.T.). 
Grade Cultures/varieties 
I.E.T. (Late-rainfed) 
R RH-836, 839, DIRM-5-6, RF-25, PKT-1, RK-8A06, 
Kranti 
MR RH-832, 8315, RMG-I?, DIRM-55, DIRM-11-12, 
RF-20-5-1, RF-32, RS-97, RLC-1105, 1124, 
RK-8404, 105, Varuna. 
N.E.T. (Early-irrigated) 
MR RIK-803 
MS DIR-138, KR-1289, RIK-802, Kranti, Varuna. 
C.V.T. (Late-irrigated) 
MS RND-1, Kranti 
S Varuna. 
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Table 35 (contd.) 
Grade Cultures/varieties 
S.V.T. (Irrigated) 
MS RK-8201, 8202, 8203, 8204, 8301, 8304. 
S RK-8302 
I.E.T. (Late-irrigated) 
MR DIRM-5-5, RF-25, RLC-1124, RS-97, RH-8315, 
RF-20-5-1, RHMG-17o 
MS Kranti, RM-836, RLC-1105, RH-8406, 832, 
DIRM-55, RF-32, RH-839, DIRM-11-2, RH-8404, 
RK-8405. 
S Varuna, RS-101 
I.E.T. (Early-irrigated) 
MR RH-843, DIR-251, RS-99, RK-8402, 8403, DIR-226, 
RW-2-2, DIR-202. ^ 
MS DIR-247, RH-842, RS-92, RK-8401, RW-15-6, 
PR-350, RS-89, RW-33-2, PR-2030, RLC-1138, 
Kranti, RS-90, RLC-1141, Varuna, RH-841, 844. 
S RW-29-6. 
P.Y.T. (Irrigated) 
R CSR-83-121, 27. 
MR CSR-83-152, 216, 62, 13, 194, 5, 212, 25, 123, 
87, 133. 
MS Kranti, CSR-83-45, 217, 1, 197, 202, 218,Varuna. 
S CSR-83-146. 
Table 35 (contd.) 129 
Grade Cultures/varieties 
N,E>T. (Late-rainfed) 
MR Varuna, RK-14, RLM-701, R-715, Kranti. 
MS RLM-29/22o 
C.V.T. (Late-rainfed) 
R RH-7846, 7847, 8113, 8114o 
MR RH-765, Varuna, RLM-524, Kranti, RH-7387, 
7823. 
MS RLM-543, 391 o 
I.E.T. (Early-rainfed) 
R RW-33-2, RK-841, DIR-226, PR-2030, RLC-1138, 
1141, Kranti. 
MR RW-2-2, RH-842, 843, 844, DIR-202, 251, 
RS-90, 92, 99, 89, RK-8401, 8402, 8403, Varuna. 
MS DIR-247, PR-350. 
c. Screening of cultures/varieties of rapeseed and mustard 
against Alternaria brassicae under artificial inocula-
tions. 
The cultures/varieties of rapeseed and mustard found 
free or resistant or moderately resistant to A.brassicae 
under natural conditions during 1984-85 were screened by 
artificial inoculations with A.brassicae during 1985-86, 
The surface sterilized seeds of all these cultures/ 
varieties were sown in 1M rod row. Thirty-day-old plants 
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were inoculated with spore suspension of the pathogen. The 
plants were covered with polythene sheets to maintain the 
humidity. The reaction of cultures/varieties was recorded 
after a week of inoculation. The results given in the Table 
36 show that the plants of all the cultures/varieties of 
"Toria", "Lahia", and "Rai" were found to be susceptibJLe or 
highly susceptible to the pathogen. This showed that the 
cultures/varieties which were free or resistant or moderately 
resistant under field conditions became susceptible and highly 
susceptible under artificial conditions, 
/ 
B. Chemical control 
(1 ) Screeninp; of fungicides in la'boratory 
Observations recorded from the laboratory tests on 
18 fungicides indicate that all the fungicides were effective 
in inhibiting the grov/th of the pathogen. The percentage 
inhibition ranged between 9.50-100, Total inhibition was 
observed in Dithane M-A5, Dithane Z-78, Zirara, Difolatan-80, 
Blitox-50, Thiram, Brestan-60 and Benlate, The remaining 
fungicides viz., Duter, Flit-406, Agrosan GN, Bisdithane, 
Ceresan wet, Antracol, Karathane, Copper sandoz, Brassicol 
and Cosan inhibited the growth of the pathogen in descending 
order. Their inhibitory effect significantly differed 
between themselves, Cosan was least effective in checking 
the growth of the pathogen (Table 37). 
Table 37. Effect of fungicides on the growth of 
Alternaria brassicae in vitro. 
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Fungicide 
Dithane M-45 
Dithane Z-78 
Ziram 
Difolatan-80 
Blitox-50 
Thiram 
Brestan-60 
Benlate 
t)uter 
Flit-406 
Agrosan GN 
Bisdithane 
Ceresan Wat 
Antracol 
Karathane 
Copper sandoz 
Brassicol 
Cosan 
Dose 
(Per cent) 
-
Control 
(fungicide free) 
L.S.D. (P = 0 
L.S.D. (P = 0 
.05) 
.01) 
0.2 
Oo2 
Oo2 
0.2 
0.3 
0.2 
0.1 
Ool 
0.1 
0.2 
0.25 
0.2 
0.2 
Oo2 
0.2 
0.2 
0.2 
0.2 
-
Diameter of 
(mm) 
00 
00 
OO 
00 
00 
00 
00 
00 
13.00 
16.25 
29.50 
32.50 
38.75 
44.00 
48.00 
53.75 
59.25 
64.25 
71.00 
colonies 
(0.70)* 
(Oo70) 
(0.70) 
(0.70) 
(Oo70) 
(Oo70) 
(0.70) 
(0.70) 
(3.66) 
(4.08) 
(5.47) 
(5o74) 
(6.26) 
(6.66) 
(6.96) 
(7.35) 
(7.72) 
(8.04) 
(8.45) 
0.010 
0.013 
Per cent 
inhibition 
100 
100 
100 
100 
100 
100 
100 
100 
81.69 
77.11 
58.45 
54.22 
45.42 
38.02 
32.39 
24.29 
16.54 
9o50 
-
* Figures in parentheses are transformed values. 
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Studies were further undertaken with fungicides which 
had completely inhibited the growth of the pathogen to know 
their nature of action i.e. the inhibition was due to fungi-
cidal or fungistatic action. Inoculum discs used in earlier 
trials were transferred to normal PDA. It was observed that 
no growth occurred from the discs obtained from Dithane M-45, 
Dithane 2-78, Ziram, Difolatan-80, and Blitox-50 treated 
plates indicating their fungicidal action whereas the growth 
was observed from the discs obtained from plates treated 
with Thiram and Brestan-60 indicating their fungistatic 
action. 
(ii) Evaluation of fungicides for seed treatment 
and field application 
Fungicides which were found fungicidal in their action 
in i_n vitro tests were used for seed dressing and spray. 
(a) Seed treatment;- The six fungicides found 
effective for growth inhibition and fungicidal in action were 
used in seed dressing and observations on pre-emergence and 
post-emergence loss of seedlings were recorded. 
Seed treatment with all the fungicides checked the 
pre- and post-emergence loss of seedlings to a varying extents. 
Benlate was found superior to all the fungicides. Dithane M-45 
was the next best followed by Dithane Z-78. The efficacy of 
remaining fungicides in descending order were Ziram and 
Blitox-50. The performance of Blitox-50 was poorest (Table 38). 
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Table 38. Efficacy of fungicides on pre-^ergence and 
post-emergence loss of seedlings of Brassica 
campestris var. yellow sarson (cv,K-88). 
Fungicide Dose (g/kg) 
Benlate 1 
Dithane M-45 2 
Dithane Z-78 2 
Ziram 2 
Difolatan-80 2 
Blitox-50 3 
Control 
(Fungicide free) 
L.S.D. (P = 0.05) 
L.S.D. (P = 0.01) 
Pre-emergence 
loss of 
seedlings 
4.50 
10.50 
11.25 
12.50 
15.75 
16.75 
22.75 
2.87 
3.94 
Po s t- erne r g en ce 
loss of 
seedlings 
6.50 
11.50 
13.75 
16.50 
20.25 
21.00 
24.00 
2.. 77 
3.79 
Thus Benlate proved to be the most effective in checking 
the pre-emergence as well as post-emergence loss of the 
seedlings caused by A.brassicae. 
(t>) Field application;- The six fungicides were tried 
in'field as given in material and methods. They were used 
by spraying during the two consecutive years. Observations 
on plant stand, disease intensity and yield were recorded.All 
the six fungicides were effective in controlling the disease. 
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The results show that in the year 1984-85, Dithane M-45 
was most effective. However, it did not differ from 
Dithane 2-78 significantly at P = 0.01, Both were signifi-
cantly superior to all the other fungicides in reducing 
the disease intensity of Alternaria blight. Ziram, 
Difolatan-80 and Benlate also controlled the disease. But 
Blitox-50 did not differ-significantly from control. 
Highest yield was obtained with Dithane M-45 
(1580 kg/ha). The yield with Dithane Z-78 was 1540 kg/ha. 
These yield did not differ significantly. Yield obtained 
with Ziram, however, significantly differed from the yield 
obtained with Dithane M-45 at P = 0.05 only. The yields 
in Difolatan-80 and Benlate were statistically at par with 
Ziram. There was no significant increase in the yield due 
to application of Blitox-50 (Table 39). 
A similar trend in the performance of fungicides in 
controlling the disease and increasing the crop yield was 
observed in 1985-86. The performance of Dithane M-45 Was 
best followed by Dithane 2-78. They, however, did not 
differ significantly both at P = 0.05 or P = 0.01. Both 
were significantly superior to others as in 1984-85. More 
or less a similar trend was obtained in yield (Table 39). 
00 
I 
in 
00 
CO 
I 
-J -
CO 
cr> 
n CO 
n r-\ s: 
•H 
w 
c 
b O C 
CO -H 
Q) O J ' ^ 
^ 
C/3 
CO 
cu 
to 
•H 
-P T3 
C C 
CO CO 
H -P 
CL, trt 
CO 
-o 'tj x: 
CU H - ^ 
CU QJ bO 
CO -H ^ 
^---^ 
o 00 
lf\ 
r-
CO 
QJ 4-) 
b f l C 
CD -H 
> CO' 
CD 
CD 
CO 
• H 
T3 
CO CD 
O i CO 
• P 
C 
CU O) 
(0 O 
o 
Q f-, 
QJ 
CL. 
CU 
n 
•H 
o 
•H 
bO 
c 
:3 fa 
00 
o 
o 
C\J 
00 
00 
CM 
C\J 
o 
i n 
CU 
c 
CD 
JC 
+J 
•H 
Q 
•4- O 
o 
CTv 
O 
O 
O 
00 
C\J 
CO 
CM 
o 
o 
00 
CU 
c 
CD 
x: 
-p 
•H 
Q 
CM 
CM 
CNJ 
C O 
CM 
CM 
CM 
CO 
CNJ 
CO 
o 
CO 
en 
CO 
CM 
o 
CM 
CT\ 
CM 
o 
o 
CM 
O 
& 
CO 
u 
O 
00 
c 
CO 
CD 
H 
O 
t H 
•H 
Q 
CU 
- P 
CO 
H 
C 
0 
pq 
C C 
V 
r^ " 
o 
• hf> 
CM 
r^  
rn 
• i n 
T -
00 
rn 
• 
< ! • 
CM 
00 
CM 
• IS 
r— 
V -
v£) 
• \o CM 
C--
O 
• o CM 
\o 
<ys 
• C--
CM 
T -
o 
• CM 
CM 
m 
ro, 
• CTN 
CM 
O 
O 
• 
<r CM 
00 
vl) 
• r-
<^^  
T -
UJ 
• l>-
CM 
r-
t^ 
o in o in o 
<r CO t>- CM cr\ 
i n <!• <j- < t CM 
i n 
i n 
CO* 
CM 
in 
C O 
* 
CM 
CM 
o 
o in I 
X 
o 
•H 
H 
pq 
C\J 
a\ CO 
fo 
o 
• 
o 0-
m 
a\ 
• 
in 
ON 
r^ -
m 
• 
<j-
f<^ 
in CM 
in r-
• • 
T - CM 
C O 
m 
o 
CO 
CM 
CM 
CM 
O 
in 
CM 
o 
00 
CU 
CU 
u 
CU 
n 
•H 
H O 
O -H 
U hO 
•P C 
c a 
O «H 
0 > - ' 
m o 
in rn 
O o 
VD CM 
CM 
i n T-
o o 
• • 
o o 
II II 
• • 
Q Q 
• • 
C O CO 
• • 
CO 
(U 
H 
CD 
> 
CO 
rH 
bC 
C 
CD 
e 
o 
CO 
CO t, 
+-> 
CU 
CO 
CO 
CU 
CO 
(U 
-p 
c 
QJ 
CO 
p. 
c 
•H 
CO 
QJ (-, 
bO 
•H 
136 
137 
As Dithane M-45 emerged as best fungicide in checking 
the disease intensity.and in increasing the yield during 
1984-85, a trial was also carried out during 1985-86 to 
work out the economics of field application. 
It is evident from Table 40 that all the treatments 
significantly controlled the disease except^ Ty (one spray 
at 75 days after sowing) at P = 0,01. All the treatments 
significantly increased the yield also. T^  (four sprays 
at 50, 45, 60 and 75 days after sov/ing) was better than all 
the treatments in reducing the intensity of the disease 
and in increasing the yield. The yield in this treatment 
(T^), however, did not differ from T^ (3 sprays at 45, 60 
and 75 days after sowing) statistically at P = 0,01. T2 
was next in the order and significantly better than the 
remaining treatments. The effect of T, (two sprays at 60 
and 75 days after sowing) and T^ (one spray at 30 days after 
sowing) were not significantly different among themselves. 
The effect of Tc (one spray at 45 days after sowing), Tg 
(one spray at 50 days after sowing) and Ty (one spray at 
75 days after sowing) were also significantly better when 
compared to control. The least effective application was 
recorded in Ty (Table 40), 
Four sprays of Dithane M-45 at 15 day-intervals start-
ing when the crop was a month old, gave the highest net profit. 
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Other applications were also profitable and it was directly 
correlated with the effect of applications on disease 
intensity and the yield. 
DISCUSSION 
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DISCUSSION 
Alternaria blight of crucifers caused by Alternarla 
brassicae (Berk.) Sacc. was brought to books for the first 
time by an English scientist, Berkeley (1835). In India, 
the presence of the fungus was noted by Ijlason (1928) on 
"Sarson", Brassica campestris (herbarium'material) from Pusa, 
Bihar, 
In the present investigation, during the collection 
of disease materials, the disease was found both on seedlings 
and the fully grown plants. Affected seedlings damped-off 
while older parts exhibited numerous spots on leaves, stem 
and pods (Figs, 2,3,6). Spots on leaves were in the form 
of concentric rings, light brown to dark brown in colour 
measuring 0.5 to 12.0 mm in diam. and seen coalescing to each 
other in advanced stages (Fig. 5). These symptoms resemble 
well to those described earlier for Alternaria blight of 
crucifers by Neergaard (19A5), Wiltshire (1947), Dey (1948), 
Vanterpool (1950), Mc Donald (1959), Changsri and Weber 
(1963), Ellis (1971) and Subramanian (1971). Circular dark 
brown and black lesions on pods and elongated lesions on 
stems were also observed. 
Morphological characters of the pathogen identified 
as A.brassicae were in complete agreement with the specifi-
cations given by earlier workers (Grove and Skolko,1944: 
I l l 
Neergaard, 1945; Wiltshire,19^7; McDonald,1959; Changsri and 
Weber,1963 and Joly,1965). 
Out of twelve liquid media, Kirchoffs medium was found 
to be the best while PDA was found as best solid medium. 
Richard's medium was also found good in both forms. The per-
formance of mustard leaf extract in the both forms was also 
good. There was no definite trend in the preference of the 
pathogen for synthetic or natural media. Some natural media 
like PDA and mustard leaf extract supported sufficient growth 
but natural media such as corn-meal and oat-meal fared rather 
poorly (Tables 1 and 2). Good growth of the pathogen on 
mustard leaf extract agar or mustard leaf extract in liquid 
form is quite expected since the extract was obtained from 
one of its established host. 
Sporulation of the pathogen was excellent not only 
in media which supported excellent growth but also in media 
in which moderate growth occurred. On some media like Asthana 
and Hawker's agar and Czpeck's agar, growth was poor but' 
sporulation was good. On the other hand, in some media like 
corn-meal, both growth and sporulation were poor (Tables 1 
and 2). 
Satisfactory growth as well as excellent sporulation 
on malt extract medium as recorded are similar with the 
findings of Neergaard (1945) and Taber ^ t al.(1968). Perfor-
mance of the media differed to some extent with a change of 
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their forms, as there was no clear cut correlation between 
dry weight of the fungus and its linear growth. For example, -
best linear growth was recorded on potato dextrose agar 
whereas the maximum mycelial growth was obtained on Kirchoff's 
medium in liquid state. Potato-dextrose in liquid form did 
not perform so well. On the other hand, corn-meal in the 
liquid state supported comparatively better growth but the 
same in the solid form fared poorly, 
A considerable variation was noted in the colony 
characters of A.brassicae on various media (Table 3). The 
mycelium was usually light brown to brownish grey, Conidia 
were brown, mostly born singly with long beaks or sparingly 
in chains of two and sometimes three. Elliolt (1917), 
Changsri and Weber (I963) and Prasada ejb al_.(1970) also 
observed similar colony characters of the fungus. 
In earlier reports (Neergaard,19'^5; Limasset,1955; 
Changsri and Weber,1963; Taber et a]^. ,1968) temperature has 
been stated to play a vital role in the growth and sporula-
tion of the pathogen under study, A temperature range between 
21 and 23°C with an optimum round 23°C has been reported to 
be favourable for A.brassicae by various workers (Taber e_t al., 
1968; Neergaard,19A5; Limasset,1955; Changsri and Weber,I963; 
Czy2ewska,1969). In the present study, growth of A,brassicae • 
occurred between a temperature range of 5 to 30*>C, Both 
growth and sporulation were excellent at temperatures ranging 
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between 23 and 25<'C. However, ?3''C was the best amongst all 
(Table 6). These findings are in line with those of earlier 
works on A.brassicae. 
' Studies on effects of light on growth and sporulation 
of the fungus revealed that alternating light and darkness 
supported better growth and sporulation. than complete darkness 
or continuous light. Complete darkness, however, induced 
growth better than continuous light but sporulation was 
poorer (Table 7). Earlier reports on the effect of light on 
sporulation m Alternaria species, however, are very conflict-
ing. Dillonweston (1936) found that strong light induced 
sporulation in A.solani while Klaus (19^1) observed that weak 
intensity of light was sufficient for inducing sporulation 
in Alternaria species. The effect of alternate light and 
darkness on A.brassicae with respect to growth and sporulation 
observed in the present study are similar to those of 
Gupta £t al,. (1972). However, their observations that conti-
nuous light completely inhibited growth and sporulation of 
A.brassicae was not corroborated by the present study. 
Alternate light and darkness have been found conducive for 
growth and sporulation of some other pathogenic Deuteromycetes 
like Cercospora dolichi (Singh,1933) and Colletotrichum capsici 
(Misra and Ma3imood,1960). 
Experiments on the effects of relative humidity on 
growth and sporulation of the pathogen in(^ icated that the 
pathogen could grow at all the relative humidity levels 
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between 30-100 per cent. Growth gradually improved with 
increase in the relative humidity level and highest growth 
was obtained at 100 per cent relative humidity followed by 
97 per cent. In general, relative humidity above 78 per 
cent was found quite favourable to mycelial growth and sporu-
lation (Table 8). There appears to be no work yet done on 
this aspect of the pathogen under study, but similar beha-
viour to humidity has been reported by Misra and Singh (1963) 
for Helminthosporium turpicum and Bais (1969) for Curvularia 
lunata. 
The pathogen grew well at all pH levels tested 
(2.9-9.2) but sporulation occurred only at pH values ranging 
between 3.5 and 8,5. Lowest and highest pH levels tried 
supported very poor growth and spore formation. Both growth 
and sporulation were poorer at lower levels and gradually 
increased to reach at highest at 6,5 pH beyond which growth 
gradually declined (Table 9). These findings are in close 
agreement with those obtained earlier on the same pathogen 
by Gupta et_ a]^. (1969), Welch £t al_. (I969) and Prasada et ed. 
(1970). Results reported for other Alternari.a spp. 
(Chowdhury,1944; Riley,1949; Arya and Prasada,1953; Crossan, 
1954) also provide enough support to above findings. 
Pathogenic fungi usually exhibit'certain degree of 
specificity in utilising various nutritional substances for 
their growth and sporulation. Carbon occupies an unique 
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position amonc the essential elements required by the living 
organisms. But nutritional values of different carbon 
sources differ and the same source of carbon is utilized with 
varying degrees of efficiency by different fungi (Lilly and 
Barnett,1951). 
Addition of carbon through various sources invariably 
boosted thp growth and sporulation of the pathogen. Out of 
11 carbon compounds tested, highest growth was recorded in the 
medium carrying starch followed by cane sugar, sucrose and 
D-glucose, The pathogen made poor ii,vovith. and sporulation on 
glycerol (Table 10). Supermacy of the starch has also been 
established by earlier findings on the same fungus reported 
by Taber e_t al_. (1968). Moreover, the fact that other carbon 
compounds studied (cane sugar, sucrose, D-glucose, dextrin 
and D-galactose) also favoured vegetative and reproductive 
growth, notwithstanding the degree of their effect, is 
supported by the studies of Gupta ejt al_, (1969) on A.brassicae; 
Tandon and Chaturvedi (1963), Singh and Khanna (1966) and 
Fulton and Bollenbacher (1968) on other AJlternaria spp. 
Further, out of the two monosaccharides used, D-glucose 
was found better source than D-galactose. Cochrane (1958) 
has mentioned that D-galactose may be used only when it is 
converted into a phosphorylated derivative of glucose which 
is able to enter the main respiratory pathway. Among the 
disaccharides, cane sugar and sucrose performed almost alike 
and their performance was better than lactose and maltose. 
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Cane sugar has not been tested so far by other workers where-
as several reports (Home,1933; Carter,1934; Pawar and Patel, 
1957; Joly,1962; Tandon and Chaturvedi,1963; Rao and Apparao, 
1965; Singh and Khanna,1966; Fulton and Bollenbacher,1968) 
support the trend found here for other disaccharides. 
Polysaccharides play an important role in the nutri-
tion of pathogenic fungi. Starch, a polysaccharide, supported 
highest fungal growth in the present study. Performance of 
dextrin was, however, average. Szelenyi and Becze (1928) 
while determining the assimilative capacity and enzymatic 
action of Alternaria solanj during its vegetative growth perio 
found that a large quantity of starch was utilized. In the 
opinion of Lilly and Barnett (1951) utilization of these 
substances by fungi depends upon the production of necessary 
hydrolytic enzymes. 
Although two sugar alcohols were better than control 
but their performance was inferior to many of the other carbon 
sources. Performance of D-mannitol was also not good while 
that of glycerol, on the other hand, was p^oorest of all the 
sources. It partly supports the finding of Taber et al.(1968) 
They observed that D-mannitol was a poor carbon source for 
A.raphani and A.brassicae where as a good source for A. 
brassicicola. It shows that there is a definite difference 
between the fungi for their likings of the same source. 
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Like other livin^ i organisms nitrogen is required by-
fungi not only for structural build-up but also other physio-
logical activities. Performance of various nitrogen compounds 
in supporting growth and spprulation of the pathogen shows 
that barring peptone, nitrate sources of nitrogen proved in 
general superior to ammonium group of compounds (Table 11). 
Similar findings have been reported by Gupta ejb al. (1969) 
for A.brassicae; Tandon and Chaturvedi (1963) and Singh and 
Khanna (1966) for A.tenuis. The efficacy of peptone was best 
among the nitrogen sources tried while sodium nitrate proved 
the next best. Taber et. al. (1968) also reported peptojie as 
the good nitrogen source together with potassium nitrate. 
The least growth and poor sporulation of the present fungus 
were recorded on ammonium molybdate. If sporulation is 
taken into consideration, thio-urea can also be juxtaposed 
with it. Poor performance of thio-urea has also been reported 
by Grewal (19^5) for A.tenuis. Excessive ammonia as well 
as the presence of sulphur may be the possible cause for 
poor behaviour of thio-urea. 
Organisms must either synthesize or obtain exogenous 
supply of different amino acids they require for the synthesis 
of protein (Lilly and Barnett,1951 ). A number of am4,no 
acids were tried in this investigation and were observed 
differing in'their efficiency of nourishing the isolate 
under test. DL-threonine, DL-valine, L-cystine, L-proline 
and L-iso-leucine including control containing L-asparagine 
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were conducive for growth and sporulation both, whereas 
the rest of the amino acids did not support better growth 
(Table 12). This aspect of A.brassicae has not been studied 
earlier. In case of other Alternaria spp, however, leucine 
and glycine (Taber £t aT_. ,1968), DL-aspgrtic acid (Powar 
£t a]^. ,1957), alanine and glycine (Grewal,1955) are reported 
to favour mycelial growth and sporulation. This variation 
may be due to preference for certain amino acids by the 
present pathogen. Leonian and Lilly (1938) testing 24 amino 
acids also failed to identify some amino acids which may be 
termed best for all the fungi. 
Fungi, in general, utilize different essential 
metallic and non-metallic elements for the build-up of their 
vegetative and reproductive structures (Lilly and Barnett, 
1951). Phosphorus also plays an important role in various 
physiological activities particularly in energy transfer 
in many forms of life (Bhargava,1945; Agarwal,l957), The 
same is true also for A.brassicae. It was observed that 
without the aid of phosphorus (control) it could make only 
a slight growth and failed to sporulate. On the other hand, 
when phosphorus was supplied through various sources, it 
could grow and sporulate well (Table 13). Out of the eight 
compounds highest mycelial growth and sporulation were 
obtained in the medium containing potassium monohydrogen 
phosphate which was found to be the best by Singh and Tandon 
(1967) for A.tenuis and Jaurihar and Mehta (1972) for 
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Fusarlum moniliforme. A trend of grenter mycelial growth 
accompanied by better sporulation noticed in the present 
study is identical to that stated by Lilly and Barnett (1951). 
Requirement of sulphur for the growth of various fungi 
has also been emphasized by Agarwal (1958), Bhargava and 
Tandon (1963) and Jaurihar and Mehta (1972). On the other 
hand, it has been found to remain unutilized in the medium 
(Srivastava,1950; Agarwal,1957). All the thirteen sulphur 
sources improved both the vegetative and reproductive growth 
of A.brassicae. Potassium sulphate was found to be the best 
in respect of the mycelial grov/th and sporulation. The next 
best was magnesium sulphate. The effect of sodium bisulphite, 
zinc sulphate, sodium sulphate and sodium sulphite v/as 
moderate (Table 14). Potassium sulphate closely followed 
by magnesium sulphate as better source of sulphur was also 
found by Srivastava (1950) for Curvularia sppo Magnesium 
sulphate has been reported to be the best sulphur source 
also for A.tenuis by Tandon and Chaturvedi (I963) and for 
Alternarla citri and A.tenuis by Hasija (1969). Sodium 
bisulphite and zinc sulphate which performed well in the 
present investigation have already been ij-eported to be the 
best sources for isolates of Colletotrichum gloeosporoides f. 
sp.- alatae by Singh and Prasada (1967). Sodium sulphate was 
also moderately good for the present test organism. Lilly 
and Barnett (1951) stated that sulphur in sulphate form in 
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general i-j, preferred mostly by many fungi for their growth 
and sporulation. But A.brassicae was not favoured by some 
of the sulphate forms like copper sulphate, calcium sulphate, 
ferrous sulphate, ammonium sulphate, sodium thio-sulphate 
and manganese sulphate. 
The vitamin requirements of the fungus are of interest 
both in regard to basic knowledge of its nutrition and 
possible relation to its pathogenic capabilities (Leben and 
Keitt,1948). Ever since the publication of the paper of 
Schopfer (19^4), a number of workers (Robbins,1938; Hawker, 
1939; Lilly and Barnett,1947; Beckman ejb £l.,1953; 
Sadasivan and Subramanian,1954; Tandon and Bilgrami,1957; 
Misra and Mahmood,I96I; Singh,1963; Sankhala and Mathur,1967) 
from time to time have advocated the importance of vitamins 
in the nutrition of vgrious fungi. Some fungi are capable 
of synthesizing vitamins necessary for their vegetative and 
reproductive growth while there are others which depend on 
exogenous supply of required vitamins (Mathur et al.,1950). 
The present pathogen was able to liiake good mycelial 
growth and excellent sporulation even without the aid of 
exogenous vitamin supply which is an evidence of its proto-
trophic nature in this respect. However, addition of biotin, 
nicotinic acic,ascorbic acid and thiamine improved the 
mycelial growth to a great extent (Table 15). This may be 
due to that the addition of these vitamins supplied the 
nutriento which the pathogen could not synthesize itself J 31-
As observed here, Singh and Prasad (1967) and Vir and Grewal 
(1973) also reported increased growth of various fungi by-
adding biotin. Misra and Mahmood (1961) recorded better growth 
by thiamine in Colletotrichum capsici but Elliot (19^9) and 
Vir and Grewal (1973) on the contrary observed insignificant 
influence of thiamine on some other fungi. Favourable effect 
of ascorbic acid, as obtained in the present investigation, 
has also been reported by Shukla -and Sarkar (1972) while 
stimulatory effect of nicotinic acid has been observed by 
Prasada _et al_. (1970) on the pathogen under present study. 
Six vitamins viz., pentothemic acid, riboflavin, 
choline, folic acid, pyridoxine and inositol were found to 
arrest the growth. Such inhibitory effects of tivamins for 
a variety of pathogens are on record (Mathur _et^  al. ,1950; 
Lilly and Barnett,1951). 
Hormones, endogenous chemical substances, influence 
reproductive and vegetative growth and other vital processes 
of living organisms. The pathogen under study seems to be 
self-sufficient for its hormone requirements which is clear 
from the fact that it made very good vegetative growth and 
abundant sporulation even without exogenous supply of growth 
regulators. Beta-indol butyric acid and 2,4-dichlorophenoxy 
acetic acid, however, improved its growth. The rest of the 
growth regulators tested affected the pathogen adversely 
(Table 16). Similar role of beta-indol butyric acid and 
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2,4-dichlorophenoxy acetic acid has also been observed by 
Chatrath and Bajaj (1964), Singh (1964), Sankhla and Mathur 
(1967) and Haware (1969) for other fungi. On the other hand, 
inhibitory role of some of the growth regulators has been 
reported earlier by Cohen _et a]^.(1965) and Haware (1969) for 
some other fungi. 
Many of the factors which influence vegetative growth 
also affect spore germination (Lilly and Barnett,1951; 
Mukadam and Deshpande,1977). Temperature is one of the most 
important external factors which influence spore germination 
qualitatively and as well as quantitatively. Generally at 
normal temperature spores of A.brassicae started germinating 
within four hours of incubation. Spore germinated within 
a temperature range of 10-28«^ C. However, considerable spore 
germination occurred at the temperature range of 2^-23''C, 
highest being at 23''C. Temperatures below optimum were com-
paratively more suitable than those higher to optimum 
(Table 17). These results are partly supported by the studies 
of Rangel (194-5) in which he observed that temperatures 
between 17.2-21.1°C were ideal for spore germination of 
Alternarln herculea. ' 
Moistui'e is the next prime factor necessary for germi-
nation (Ferguson,1902; Broadfoot,1926). Imbibition is the 
first step of process of germination. Sometimes spores swell 
even more than twice their original size (Bonner,1948; Mandels 
and Norton,1948) and on further expansion, volume of protoplasm 
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can sometimes increase more than ten times (Tompkins,1929). 
Germination studies conducted onthe spores of the isolate 
under study have shown that the spores germinated at all 
levels of relative humidity tested. At 84 per cent relative 
humidity, germination was the poorest. An increase gradually 
improved the per cent germination. Highest germination 
occurred at 100 per cent relative humidity and the effect of 
97 per cent relative humidity was very close to it (Table 18). 
These results are in close conformity v/ith those obtained 
earlier by Chowdhury (1937) for the same fungus. 
Carbon sources, used in the present investigation, in 
general increased spore germination of A.brassicae. Starch, 
a polysaccharide, encouraged highest spore germination 
followed by cane sugar, sucrose (disaccharides) and D-glucose 
(monosaccharide). Some of the sugar alcohols (D-raannitol and 
sorbitol) also encouraged the germination but their overall 
performance was comparatively poor (Table 19). Polysaccharides 
and disaccharides have also been reported to be good sources 
of carbon for a number of Alternaria spp, including 
A.brassicae by Szelenyi and Becze (1928), Carter (1934), 
Pawar and Patel (1957), Joly (1962), Rao and Apparao (1965), 
Taber et a]^. (1968) and Gupta £t a3^ . (I969). 
Nitrogen is another element essential for various 
functional as well as structural necessities of fungi (Lilly 
and Barnett, 1951). Response of the present pathogen to 
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various treatments also corroborated this view. Germination 
was comparatively smaller in a medium devoid of nitrogen than 
I 
in media containing different nitrogen sources employed in 
the study (Table 20). Best germination was effected by 
peptone and sodium nitrate. Taber ejt al_, (1968) have also 
made likewise report for A.raphani particularly for peptone 
and potassium nitrate. 
The results on effect of exogenous application of 
vitamins on spore germination are quite in line with those 
discussed earlier on vegetative growth and sporulation of the 
pathogen. Most of the vitamins tested discouraged the spore 
germination. The increased spore germination observed in 
some was also marginal when compared to control (Table 21). 
These observations further strengthen the belief that the 
pathogen is prototrophic. The results are similar in many 
respects to those rfjported by Lewis (1952), Taber et al.(1968) 
and Prasad ejt al. (1970). 
Spore germination responded to growth regulators 
almost in the same way as in case of vitamins. Slight 
incrcas" in rorminntion occurred with application of Beta-
indol butyric acid and 2,4-dichlorophenyoxy acetic acid. 
Others growth regulators were inhibitory (Table 22). Stimula-
tory effect of Beta-indol butyric acid and 2,4-dichlorophenoxy 
acetic acid has been reported by Bais (1969) for Curvularia 
lunata_. But Singh (I966) found 2,4-dichlorophenoxy acetic 
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acid an inhibitory substance for the spores of Colletotrichum 
falcatum. The pathogen, A.brassicae is apparently auxoauto-
trophic. 
Observations on survival, perpetuation and secondary 
spread of the disease reveal that the pathogen remained viable 
for more than a year in diseased plant debris lying in the 
field serving as the primary source of inoculum. This indicates 
that the pathogen survives in the soil on plant-debris. Soil-
borne nature of A.brassicae has been observed by Weimer (1924), 
Raabe (1939), Bickerton (19A3) and Darpoux (19^5). Other 
Alternaria spp, have also been found to be soil-borne 
(Higgins,194l; Wheeler,1958; Ramm and Lucas,1963). 
In addition to this soil-borne nature, the present 
pathogen was also observed to be internally seed-borne as it 
appeared on the diseased seeds even after surface sterilization. 
Diseased seeds are thus another source of primary infection 
and play major role in the primary disease cycle. These 
results ascertaining the seed-borne nature of A.brassicae 
fall quite in line with the findings of Chupp (1935), Pape 
(1941), Groves and Skolko (1944), Rangel (1945), Gzyzewska 
(1958) and Mc Donald (1959). 
Diseased plant debris and diseased seeds, the two 
primary sources of infection, were found to affect the crops 
differently. If the diseased plant debris serve as primary 
source of infection as observed in pot experiments, the 
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conidia infect the lower leaves of the healthy plants and 
infection spreads to upper ones. The diseased seeds, on the 
other hand, either produce diseased seedlings or result in 
their pre-emergence damping-off, Secondary spread of the ^  
pathogen is by means of air-borne conidiai produced in diseased 
spots. These results are similar to the findings of Ramm and 
Lucas (1963) for A.longipes. 
Inoculation of plants of different ages revealed that 
the growing young seedlings primarily from healthy seeds 
became readily infected. The susceptibility was maximum in 
10-day-oia plants, Thenafter susceptibility decreased with 
increase in the age of host plants. The minimum susceptibi-
lity was obtained in 120-day-old plants (Table 23). Lower 
most leaves or oldest leaves on the plants exhibited greater 
and bigger spots that the upper ones. Saad and Hagedorn 
(1969) also obtained similar findings with A.alternata. 
Gulyas (1930) observed that Alternaria spp,, causing brown 
spots of tobacco, established itself first on weakened leaves 
which have lost some of their turgor and therefrom spread to 
normal leaves. Grummer (1955) is also of the view that 
tolerance to the pathogen diminishes when carbohydrates are 
depleted, proteins are hydrolysed and synthetic machinery of 
the cell is in weakened state. 
The results obtained with regard to minimum period of 
incubation indicated that the plants removed from moist 
chamber after 12 h and 24 h did not show any infection whereas 
158 
humidity fluctuated between 77o60 and 8&o56 to 38.12 and A7.75 
per cent respectively. Thereafter, the disease intensity was 
found to be moderate (Table 26). " It is thus apparent that 
atmospheric temperature during the maximum disease intensity 
period is very much close to that found, optimum both for 
mycelial grov/th and spore germination in cultures i.e. 23*'C, 
r4c Donald (1959) also reported 21*0 ideal temperature for 
disease development. Similarly, Van Schreven (1953) also 
resported optimum development of disease by A.brassicae at 
temperature between 20 and 24*'C. 
Chemical analysis of the seeds of 17 cultivars of 
rapeseed and mustard indicated that the di.^ ease reduced the 
oil content upto 35.97 per cent but increased the protein 
content slightly (Table 25). These results are in conformity 
with those obtained by Nijhawan and Hussain (1964) who have 
reported the adverse effect of disease on oil content and 
favourable effect on protein content. 
The hosL-rangt studies of A.brassicae indicated that 
it may attack almost a]1 the species of the genus Brassica 
along with plants such as Raphanus satlvus, Eruca sativa in 
Cruciferae, Convolvulus arvensis (Convolvuleceae), Anagallis 
arvensls (Primulaceae) and Chenopodium album (Chenopodiaceae) 
(Table 27). Different species of Brassida and their varieties 
and several other species of the family Cruciferae are 
reported to be infected by A.brassicae (Neergaard,1945; 
Darpoux,19A5; Borg,1949; Flik and Saaltink,1950; Mc Donald, 
1959; Bhander,1963; Husain and Thakur,1963; Bhander and Maini, 
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1965; Prasada et al. (1970). C.arven.sis and A.arvensls found 
to be infected by A.brassicqe in the present study have 
already been reported as its host by Saharan £t al_. (1982). 
However, there is apparently no published record of infec-
tion of C.album by A.brassicae. C.album is a very common 
weed growing in crop fields in plains of India. 
The use of resistant varieties is most econom-' cal 
method of plant disease control. Performance of various 
cultures/varieties of "Toria", "Labia" "Yellow sarson", 
"Brown sarson" and "Rai" under field conditions against 
Alternaria blight was observed. The cultures/varieties of 
"Rai" viz. CSR Nos. 43, 142, 440, 622 and 741 were found to 
be disease free whereas some cultures/varieties i.e. CSR 
Nos. 18, 45, 46, 57, 74, 100, 102, Kranti etc., exhibited 
field resistance. Some of the cultures/varieties of 'Toria' 
and 'Labia' were moderately resistant (Tables 28-35). 
All the cultures/varieties of "Rai" found free, 
resistant and moderately resistant and of 'Toria' and 'Labia' 
found moderately resistant under natural conditions, became' 
susceptible to highly susceptible to the pathogen in artifi-
cial inoculations (Table 36). The field resistance shown 
by some cultures/varieties was thus not stable and there-
fore it was apparently not genetically controlled. Some 
strains of B.juncea, B.nigra and B.alba have been reported 
to be moderately resistant. One strain of B.napus and two 
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strains of B.alba from Sweden were found to be highly 
resistant, the latter appearing to be immune to blight 
(Husain and Thakur,1963; Bhander and Maini,1965). Such 
resistance or immunity was not exhibited by any culture/ 
variety examined in th- present study, • 
Testing and finding out the most affective fungicide 
against the disease was the next step tov/ards control 
measures for the disease. ^ vitro studies revealed that 
Dithane M-A5, Dithane 2-78, Ziram, Difoljatan-80, Blitox-50, 
I 
Thiram,Brestan-50 and Benlate were most effective fungicides 
as they completely checked the growth of A.brasslcae 
(Table 37). Sankhla e_t al.(1972) have observed that Dithane 
M-45 completely checked A.triticina. Misra and Singh (1965) 
also observed organic fungicides to be the most effective 
against A.tenuis. Dithane Z-78 has been reported to be 
effective for controlling A.cucumerlna (Khandelwal and 
Prasada,1970) and A.brpssicae (Prasada et al.,1970). 
Bedi and Singh (1972) also found Dithane Z-78 inhibiting 
sporulation of A.alternata to a great extent. Four newly 
synthesised compounds also inhibited A.brassicae in vitro. 
Six fungicides v^ ere used in seed-dressing for con-
trolling tlie seed-borne infection. The best results were 
obtained with Benlate followed by Dithane M-45, Dithane Z-78, 
Ziram,DifOlatan-80 and Blitox-50 (Table 38). Earlier workers 
have also emphasized the seed treatment for control of this 
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disease. Application of Bordeaux mixture plus 0,5 per cent 
lead or calcium arsenate controlled infection of cabbage and 
cauliflower by A.brassicae (Nielsen,1933). Good control of 
the black rot of carrot induced by Alternaria radicina was 
obtained by seed treatment with Germisan and Sanagram 
(Neergaard,1936). Crosier and Patrick (ig'^ O) found control 
of A.brassicae by application of mercurial dusts as seed 
treatment. In seed disinfection tests against A.solani of 
tomato, new improved Ceresan and Ceresan jr.. gave perfect 
control of seed-borne infection, with little or no seed 
injury after several months of storage in the laboratory 
(Higgins,1941). 
The results obtained from field trials on fungicidal 
sprays indicated that Dithane M-45 performed best followed 
by Dithane 2-78, Ziram, Difolatan-80, Benlate and Blitox-50 
(Table 39). 3inc;h and Sin^h (1971) also reported Dithane 
M-h5 and Dithane Z-78 effective in controlling the leaf blight 
of wheat by A.tritlcina. The efficacy of Dithane M-45 as 
observed in the present investigation are similar to those 
reported by Kolte and Tiv;ari (1978). Singh and Bhowmik (1985) 
observed that Difolatan-80 ami Dithane M-45 v/ere the most 
persistent and effective both in reducing the leaf blight 
intensity and j^lncreasing seed yield of "Pusa bold" rai. 
In field trials against A.brassicae causing blight of radish, 
Blitox-50 gave the best results (Chand and Jatian,1969). 
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while working out th'^  economics of field application 
of fungicide Uithane M-45 which was most effective in earlier 
trials, it was noticed that four sprays at 15 days intervals 
beginning when the crop was a month old was most economical 
in terms of profit (Table AO). This schedule of application 
of the funrj;icides for tbe control of Alternaria blight of 
oil-seed crucifers may be recommended to growers for use on 
field scale. Since no resistant cultivar~is available to 
growers, this method of control is effective as well as 
economical, 
SUMMARY 
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SUMMARY 
Studies on Alternaria blight of some oil-seed 
crucifers were carried out with a view to focus attention 
on various aspects of the disease and the pathogen, 
Alternaria brassicae (Berk.) Sacc, with special reference to 
conditions prevailing in the plains of Uttar Pradesh (India), 
Seedlings of rapeseed and mustard attacked by the 
pathogen developed damping-off. The symptoms of disease 
became visible with the emergence of seedlings on the leaves. 
Spots were circular, zonate, light brown to dark brown with 
concentric rings, sometimes coalescing to each other. The 
spots were oblong or linear and shunken on the midrib of 
leaves where as they were in the form of lesions, circular, 
dark brown and black on the pods. As* the disease progressed, 
several lesions coalesced and tended to cover large areas of 
pods resulting in their death. Several elongated lesions 
were also observed on stems which developed black sooty colour 
as they enlarged. 
On the basis of pathogenicity and morphology, the 
fungus responsible for causing the blight of rapeseed and 
mustard was identified as Alternaria brassicae. 
The pathogen was grown on various solid and liquid 
states of natural and synthetic media. Amongst liquid media. 
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Kirchoffs medium supported highest mycelial growth as well • 
as excellent sporulation. It was followed by Richard's 
medium. Oat-meal medium was the poorest. Potato dextrose 
agar was best amongst solid media. It was followed by 
Richard's agar medium. Cultural and morphological characters 
of the pathogen were examined and variations in the colony 
characters of the pathogen were invariably observed on 
different media employed during present investigation, 
Kirchoff's medium was selected as liquid basal medium and 
potato dextrose agar as solid basal medium. 
The growth of the pathogen occurred at a range of 
temperature from 5 to 30°C, The optimum range was found as 
23 to 25"C, The best mycelial growth was, however, recorded 
at 23°C. Sporulation was also excellent at 23 to 25''C; good 
at 21 «C; fair at 15° and 28°C and it was poor at 10 and 30*'C, 
At 5*'C, there was no sporulation. 
Exposure to alternate light and darkness was found 
to be more favourable as compared to complete darkness or 
continuous light for growth and sporulation of the pathogen. 
The optimum range of relative humidity for mycelial 
growth and sporulation of the pathogen was found as 95-100 
per cent. At 100 per cent relative humidity, the growth and 
sporulation was besto At 95 per cent relative humidity, 
sporulation was also excellent. . At 30 per cent, growth 
occurred but sporulation was nil. 
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The pathogen could grow on a wide range of pH varying 
from 2.9 to 9.2, producing maximum mycelial growth at pH 6<,5 
and minimum at pH 2.9. Sporulation was also excellent at pH 
6.5. Generally good mycelial growth was correlated with 
excellent sporulation. At pH 2.9 and 9.2, no sporulation 
occurred. 
Out of eleven carbon sources tested, starch wds found 
as the best source followed by cane sugar, sucrose, D-glucose 
dextrin, D-galactose, D-mannitol, lactose, sorbitol and 
maltose. Minimum mycelial growth was on glycerol. Starch, 
cane sugar and sucrose encountered excellent sporulation 
while D-glucose, dextrine, D-galactbse and lactose induced 
good sporulation. In the rest, it was poor to fair. 
Various nitrogen sources were also tried to ascertain 
their relative effectiveness. Out of 14 sources tested, 
maximum growth of the pathogen occurred on peptone closely 
followed by sodium nitrate and potassium nitrate. Ammonium 
molybdate supported the poorest growth. The three best 
compounds named above for vegetative growth also induced 
excellent sporulation. Other sources induced good to poor 
sporulation. It was, however, nil on thio-urea. 
Out of nine amino acids tested, only four namely 
DL-threonine, DL-valine, L-cystine and L-proline induced 
better growth than in control. Other were found to be inhibi-
tory both for growth and sporulation. 
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Amongst the phosphorus sources tested, dibasic 
potassium phosphate yielded maximum growth of the pathogen 
followed by potassium dihydrogen phosphate and tribasic 
potassium phosphate. The sporulation was, however, uniformly 
excellent on all these sources. Minimum growth and the 
poorest sporulation occurred on potassium phosphate. Other 
phosphorus sources also proved superior over control but they 
varied in their relative efficacy. 
Addition of sulphur exogenously irrespective of the 
kind of the source significantly improved the growth and sporu-
lation of A.brassicae. Response, however, varied. Potassium 
sulphate as well as magnesium sulphate proved to be the best 
amongst all the thirteen compounds tested whereas mangnese 
sulphate effected the minimum growth, Sporulation, in general, 
was positively correlated with the extent of mycelial growth. 
Amongst the ten vitamins tried, only four viz,, biotin, 
nicotinic acid, ascorbic acid and thiamine encouraged the 
vegetative growth. The role of rest of the vitamins proved 
to be inhibitory both for vegetative and reproductive growth 
of the pathogen. 
Response to seven growth regulators was almost similar 
to those of vitamins. Growth was positively influenced by the 
addition of Beta-indol butyric acid and 2,4-dichlorophenoxy 
acetic acid. The effect of remaining growth regulators was 
found to be inhibitory. 
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Spore were found germinating within four hours of 
their placement in water as well as in the basal liquid 
medium. Germ tubes were observed emerging from each cell 
and even from the beak cells. Spores germination occurred 
at all the temperature levels tried i.e. from 5-30'C. The 
optimum range, however, varied between 21 and 25**C, the best 
being 23''C. 
Conidia of the pathogen though germinated even at 84 
per cent relative humidity, germination was found maximum at 
100 per cent relative humidity followed by 97 per cent. 
Out of eleven carbon sources tested, starch proved 
to be the best carbon source for the spore germination of 
the pathogen. It was followed by cane sugar, sucrose, 
D-glucose, dextrin and D-galactose, Remaining ones were 
relatively inferior in their performance. Glycerol was almost 
similar to the control giving poorest results. 
Out of 14 nitrogen sources tested, highest spore ger-
mination was secured in the medium containing peptone followed 
by sodium nitrate. The lowest germination was obtained on 
the medium containing ammonium molybdate. 
Like growth and sporulation of the pathogen, spore 
germination was also adversely affected by the majority of 
the vitamins. But biotin, nicotinic acid, and ascorbic acid 
did not suppress spore germination. Other vitamins were 
inhibitory for spore germination. 
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Response of the pathogen to growth regulators also 
exhibited a trend similar to that observed for vitamins. Even 
bare medium, devoid of any growth regulator, accounted for 
as high as 89.75 per cent germination. Only two growth 
regulators i.e., Beta-indol butyric acid and Alpha-napthaiene 
acetic acid did not suppress spore germination. Rest of the 
growth regulators checked the germination remarkably. 
The pathogen was found viable both in plant debris 
and in the seeds of diseased plants for more than 12 months 
in virulent form and thus diseased plant debris and diseased 
seeds were found as serving the primary sources of inoculum. 
Internally seed-borne nature of the pathogen was established. 
Secondary spread of the disease was observed to be caused by 
air-borne spores produced on the spots on the aerial parts of 
the plants. 
The pathogen could attack the plants of any age but 
susceptibility decreased with the age; most vulnerable age 
being the lOday-old plants. Thenafter, the susceptibility 
gradually tended to decline. 
It was ascertained that 48 h of incubation in 
moist chamber was necessary for disease development. An 
incubation for 72 h was best for the maximum disease develop-
ment. Incubation for 96 h resulted in maximum infection 
also but plant leaves became yellowish. 
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Environmental factors like humidity and temperature 
ware observed to have profound influence on the disease inten-
sity » The period between first fortnight of December 1985 
to second, fortnight of January 1986, during which temperature 
ranged between 5.73-9.40<'C (minimum), 20.13-24.90*0 (maximum) 
and relative humidity fluctuated within a limit of 30,12-
47o75 per cent (minimum), 77,60-88,56 per cent (maximum), 
the intensity of disease was observed to be highest. Higher 
or lower limits proved relatively less favourable for the out-
break of Alternaria blighto 
Disease was found to affect oil content of the seeds 
severely. Diseased seeds from infected plants yielded less 
oil as compared to healthy ones. There was, however, some 
varietal variation. Heaviest loss (35.97 per cent) was 
recorded in !'Yellow sarson" cv. T-42 while cv. Kranti 
suffered the minimum (14,12 per cent). On the other hand, 
disease tended to increase the protein content. Highest 
gain of 12.82 per cent was recorded in the cvo Varuna while 
in other cultivars it was restricted between 5.87-12.04 per 
cent. 
Host range studies revealed that plants belonging 
to Cruciferae family, particularly those of genus Brassica 
were commonly attacked by A.brassicae. Besides these plants 
Chenopodium album. Convolvulus arvensis and Anagallis 
arvensis were also attacked by the pathogen. 
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Several cultures/varieties of rapeseed and mustard 
were observed for their resistance under natural conditions, 
in fields. Some of the cultures/varieties.of'Lahia', 'Toria' 
and 'Rai' were found free, resistant or moderately resistant 
to Alternaria blight. But all the cultures/varieties found 
free, resistant and moderately resistant under natural condi-
tions became susceptible or highly susceptible under arti-
ficial inoculations. 
Dithane M-45, Dithane Z-78, Ziram, Difolatan-80, 
Blitox-50, Thiram, Brestan-60 and Benlate proved most 
effective in. vitro studies as they completely inhibited fungal 
development in the culture. 
The performance of Benlate as seed dresser was best. 
It was followed by Dithane M-45, Dithane Z-78, Ziram, 
Difolatan-80 and Blitox-50» 
In field applications, Dithane M-45 was found to be 
the best. It was followed by Dithane Z-78, Ziram, Difolatan-
80, Benlate and Blitox-50 in descending order. 
A schedule of 4 sprays (30, 45, 60 and 75 days after 
sowing) of the crop of B.campestris var. yellow sarson (cv. 
K-88) with Dithane M-45, was found to be economically profi-
table. 
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Table 1. Growth and sporulation of Alternaria brassicae 
on different solid media. 
Source of ^^p^ 3^3^ ^^^3^ 
variance c;o^  ^^ '0 
Treatment 11 9178o17 ' 834,37 165.54 2.00 2.66 
Error 36 181.50 5.04 
Total 47 
Table 2o Grov/th and sporulation of Alternaria brassicae 
on different liquid media. 
p 
vari^ncf ^'^' ^.S. M.S. F T7o W 
Treatment 11 221176.88 20106o98 2004.68 2.00 2.66 
Error 36 361.11 10.03 
Total 47 
Table 6. Growth and sporulation of Alternaria brassicae 
recorded after incubation at different tempe-
ratures. 
Source of ^ ,-, „ o M c . n. F 
variance ^'^' ^'^' ^^'^' ^ 3?2 W 
Treatment 7 443955.22 63422o17 1584.36 2.59 3o89 
Error 16 640.60 40.03 
— — • • • » <i 111 » . Il l w — — I I I • ii.iiMiiiii.ii ^m^a • i » ii ••••• i i» ii i l i • • • • i • • — ^ n . , 1 • i i w i i i i • , i » i B i i 
Tota l 23 
191 
Table 7. Growth and sporulation of Alternaria brassicae 
at different light intensities. 
Source of 
variance D.F. S.S. M.S. 
F 
392 W 
Treatment 2 
Error 15 
Tota l 
2312,33 1156.16 89c62 3.68 6o36 
193.67 12.9 
17 
Table So Growth and sporulation of Alternaria brassicae 
recorded after incubation at various relative 
humidity levels. 
Source of 
variance D.F. S.S. M.S. 5% 1% 
Treatment 10 41281c72 4128.17 406.32 2.00 2.66 
E r r o r 33 335.25 10.16 
To ta l 43 
Table 9o Growth and sporulation of Alternaria brassicae at 
various pH levels. 
Source of 
variance D.F. S.S. M.S. '5% W 
Treatment 12 6o6232o01 50519.33 9696.60 2.15 2.96 
Error 26 135.61 5c21 
Total 38 
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Table 10. Effect of different carbon sources on growth 
and sporulation of Alternaria brasslcae. 
varlaLf °-f- S'^' »•«• ^ ii 'H 
I ' I I I ' ' 
Treatment 11 42117A.19 38288o57 848«03 2.00 2 c 66 
Error 36 I625e12 45.15 
Total 47 
Table 11o Effect of different nitrogen sources on growth 
and sporulation of Alternaria brassicae. 
?a"rlaLf °-F- ^.S. M.S. F 3^ ^ ^ 
Treatment 14 466802.93 33343.07 1883.79 1.70 2.12 
Error 45 796.12 17.70 
Total 59 
Table 12o Influence of amino acids on growth and 
sporulation of Alternaria brassicae. 
Source o f j . p „ F 
variance '^^ ^ •^^ - ^'^* ^ 3?S W 
Treatment 9 293470.58 32607.85 1715.30 2.09 2.84 
Error 30 570.03 19.01 
Total 39 
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Table 13, Effect of different phosphorus compounds on 
growth and sporulation of Alternaria brasslcae. 
Source of g.S. M.S. F .^ ^ ,^ 
variance 5% 1% 
Treatment 9 405937.82 45104,21 4718.02 2.09 2,84 
Error 30 286,70 9.56 
Total 39 
Table 14, Effect of different sulphur compounds on growth 
and sporulation of Alternaria brassicae. 
Source o f „ ^ o o „ „ TT F 
variance ^'^' ^'^' ^'^' ^ "^5% H" 
Treatment 13 390710,82 30054.68 1999,65 1,70 2,12 
Error 42 631.18 15,03 
Total 55 
Table 15, Growth and sporulatiori of Alternaria brassicae in 
the basal medium supplemented with different 
vitamins. 
Source of -^ F-
variance "*^  * ^•^' "•^ * ^. "^^—^W 
Treatment 10 212573,22 21257.32 181^.21 2,00 2,66 
Error 33 386.89 11,73 
Total 43 
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Table 16, Growth and sporulation of Alternaria brassicae in 
the basal medium supplemented with different 
growth regulators. 
Source of 
variance D.F. S.S, M.S. "5% W 
Treatment 7 157288.18 22469.74 1.515.15 2.36 3o36 
Error 24 356o08 14,83 
Total 31 
Table 17. Percentage germination of spores of Alternaria 
Source of 
variance 
Treatment 
Error 
Total 
brassicae after incubation at different 
temperatures. 
D.F. 
7 
• 24 
31 
F 
o.o. M.o. F y^ ^^ , 
331»31 47.33 1314.72 2.36 3.36 
0o87 0.03 
Table 18. Percentage germination of spores of Alternaria 
brassicae after incubation at various levels of 
relative humidity. 
Source of 
variance D.F. S.S. M.S. T% W 
Treatment 6 
E r r o r 21 
1843.97 307c33 ' 15.70 2.57 3<,81 
411.18 19.58 
To ta l 27 
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Table 19» Percentage germination of spores of Alternaria 
Source of 
variance 
Treatment 
Error 
Total 
bragsicae 
D.F. 
11 
36 
47 
( in different carbon 
S.S. 
1391059 
233o19 -
M.S. 
126.50 
6o47 
sources. 
F 
19o55 
F 
$9i H 
2oOO 2o66 
Table 20« Percentage germination of spores of Alternaria 
brassicae in different nitrogen sources. 
Source of 
variance D.F. S.S, M.S. •59S W 
Treatment 14 
E r ro r 45 
3108.95 222o07 22.62 1o70 2.12 
441.75 9.82 
Tota l 59 
•Table 210 Percentage germination of spores of Alternaria 
brassicae in the basal medium supplemented with 
different vitamins. 
Source of 
variance D.F. S.S. M.S, "5% W 
Treatment 10 
Error 33 
2253.06 225.30 25.83 2.00 2.66 
287.90 8.72 
Total 43 
Table 22, Percentage germination of spores of Al ternar i iJ 
Source of 
variance 
Treatment 
Error 
Total 
brassicae 
different 
D.F. 
7 
24 
31 
in the basal medium 
growth regulators. 
S.S. 
634.95 
298.72 
M.S. 
90,70 
12.44 
supplemented 
F' 
7.29 
5% 
2.36 
with 
F 
^% • 
3.36 • 
Table 23. Results of inoculation on rapeseed Brassica 
campestrie var. yellow sarson (cv.K-88) 
plants 01 different ages with Alternaria 
brassicae. 
Source of 
variance D.F. S.S-. M.S. TW IT 
Treatment 
Error 
13 
42 
375.34 28.87 1443.50 1.70 2.12 
0.98 0.02 
Total 55 
_Table 24. The period of incubation required for infection of 
rapeseed Brassica campestris. var, yellow sarson 
(cv.K-88)'leaves by Alternaria brassicae at 
favourable conditions"! ~~~ 
Source of 
variance D.F. 
Treatment 4 
Error 15 
S.S. M.S. 
5% ^W 
153.12 38.28 1276.00 3.06 4.89 
0.53 0.03 
Total 19 
Table 37o Effect of fungicides on the growth of Alternaria 
brassicae in vitro. 
varlanof •^^ - S"^" "•'• ^ TJ?^T^ 
Treatment 18 698,72 38.81 3881o00 1.70 2o12 
E r r o r 57 0675 0.01 
Tota l 75 
Table 38o Efficacy of fungicides on pre-emergence loss of 
seedlings of Brassica campestris var, yellow sarson 
Source of 
variance 
Block 
Treatment 
Error 
Total 
(cvo 
D.F. 
3 
6 
18 
27 
K-
» 
-88). 
S.S. 
5o00 
789,00 
67o00 
M.S. 
1.67 
131.50 
3c73 
F 
35o26 
F 
5% 1% 
2o66 4o01 
Table 38. -Efficacy of fungicides on post-emergence loss of 
seedlings of Brassica campestris var. yellov sarson 
(cvc K-88) 
Source of D.F. S.S. M.S. 
variance *' * ^"^' '^* ^ 5% 
43c01 2.66 4c01 
Block 
Treatment 
Error 
3 
6 
18 
26o43 
890.21 
62.07 
8.81 
148.37 
3.45 
Total 27 
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Table 39» Efficacy of fungicides on disease intensity on 
Brassica campestris var. yellpw sarson (cv,K-88) 
(-1954-83 ) T ^ 
Source o f ^ ^ r , c.<- M O T? F 
variance D.F. S.S. M.S. F -^^ :^ 
Block 
Treatment 
Error 
3 
6 
18 
0o68 
238.69 
21.38 
0.22 
39.78 
1.18 
33o71 2.66 4.01 
Total 27 
Table 39c Efficacy of fungicides on yield of Brassica 
campestris var, yellow sarson (cv.K-88) 
(l9S4-ii5) 
Source o f _ „ ^^o M C ' T? F 
variance ^'^' ^'^' ^'^' ^ ^5% TT 
Block 
Treatment 
Error 
3 
6 
18 
0.02 
0,79 
0o12 
0.006 
0.131 
0.006 
21.83 2.66 4.01 
Total 27 
Table 39o Efficacy of fungicides on disease intensity on 
Brassica campestris .var. yellow sarson (cv.K-88) 
(i9S5-ii6) 
Source of „<= MC- I? F 
variance ^'^' •^^ * '^^ ^ ^ "39? W 
Block 
Treatment 
Error 
3 
6 
18 
12.79 
379.80 
19.73 
4.26 
63o30 
1o09 
58o07 2,66 4o01 
Total 27 
202 
Table 39o Efficacy of fungicides on yield of Brassica 
campestris var^ yellow sarson (cv, K-88) 
(i955-S6) • 
Source of 
variance D.F. S.S. M.S. IW IW 
Block 
Treatment 
Error 
3 
6 
18 
0.02 
0o80 
Oo10 
0.006 
• 0o133 
0.005 
26e60 2o66 4.01 
Total 27 
Table 40. Efficacy of Dithane M-45 on disease intensity on 
Brassica campestris var. yellow sarson (cv.K-88). 
Source of 
variance D.F. S.S. M.S. W US" 
Block 
Treatment 
Error 
3 
7 
21 
1o71 
561o92 
14o07 
0.57 
80o27 119o80 2.42 3.51 
0o67 
Total 31 
Table 40 o Efficacy of "'Dithane M-45 on yield of Brassica 
campestris var. yellow sarson (cv. K-88). 
Source of 
variance D.F. S.S. M.S. 35S W 
Block 
Treatment 
Error 
3 
7 
21 
0.002 
I0OII 
0.017 
O0OOO6 
O0I444 
0.0008 
180c50 2,42 3.51 
Total 31 
